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Abstract 
 
Recent evidence has indicated an increasing number of injuries due to the off-road 
use of motorcycles and All-Terrain Vehicles (ATVs), and has also highlighted the 
lack of evidence regarding appropriate injury prevention strategies. The current 
program of research addresses this established need for further research evidence 
regarding injury prevention strategies among off-road riders. The final goal of this 
research is the development of recommendations to guide injury prevention for off-
road riders. The core aim of the current research is thus to understand off-road riding, 
the participating riders, and their injuries as a means to informing these 
recommendations. 
 
The current program of research uses an ecological model of behaviour as a 
framework within which to understand off-road riding. Ecological models consider 
behaviour as not only arising from an individual and their psychological 
characteristics, but also from nested social and contextual influences. These 
influences may be as proximal as interactions with family members or small social 
groups, or as distal as influences like the media, government or overarching culture 
of a region. Applying an ecological model to recommending intervention strategies 
thus means considering that interventions can be targeted at any of these levels from 
directly targeting an individual through to influencing community factors or public 
policy. 
 
A review of the existing published literature regarding off-road riding identified a 
number of gaps in the evidence base. While topics such as paediatric injury resulting 
from the off-road use of All-Terrain Vehicles has received substantial attention, little 
research exists providing a profile of the characteristics of the off-road riding 
community or the relationship between these differing characteristics and injury. 
While off-road injury has been noted as being concentrated among male riders and 
related to recreational riding or not using appropriate safety equipment, there has 
been a lack of detail provided in previous studies as to how these factors interrelate. 
The lack of evidence regarding the psychology of off-road riders, particularly in 
relation to riders’ understanding of risk and injury was also highlighted. The current 
program of research aims to address these research gaps and provides further 
evidence regarding the size of the off-road riding population, the extent of the injury 
burden related to off-road riding, and the individual, psychological, social and 
contextual factors which relate to the experience of injury.  
 
There has been a general lack of coordinated interventions to specifically reduce off-
road rider injury. While there is agreement on some general safety behaviours such 
as the use of helmets and elimination of alcohol or drug affected riding, there has 
been little implementation of targeted injury prevention efforts for off-road riding. 
The little existing research has suggested targeted enforcement, vehicle-based 
rollover prevention, legislation of basic safety behaviours like helmet use, the 
establishment of safe riding locations and engagement with the off-road riding 
community may have positive impacts on safety. The current program of research 
consists of five distinct studies each contributing uniquely to an increased 
understanding of off-road riding and the ultimate goal of making further 
recommendations for appropriate injury prevention strategies.  
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Study 1 involved a qualitative analysis of interviews and focus groups with off-road 
riders to ascertain key issues from a rider perspective, with a focus on motivations 
for riding and safety. These analyses raised a number of issues including the 
identification of various sub-groups within the off-road riding community with 
varying concern for safety. Fatalistic attitudes towards injury were generally noted, 
although differences in the safety related behaviours between work and recreational 
riders were also highlighted. With the exception of rider training, safety related 
interventions were generally not supported and personal responsibility for injury 
instead promoted.   
 
Study 2 presented the first of two studies providing analysis of injured off-road 
riders. This study relied on the analysis of administratively collected hospital 
admissions data relating to all off-road riding hospitalisations across the study area. 
This data was thus able to provide an indication of the total number of injuries 
relating to off-road riding and the injury trend over time. The hospital admissions 
data also provided an opportunity to identify the individual characteristics of rider 
casualties. A significant total number of injuries attributable to off-road riding was 
identified with an upward trend in line with greater vehicle sales and riding exposure. 
Off-road riding injuries were noted as being less severe than on-road injuries, with a 
predominance of lower leg injuries. Young, male riders were noted as highly 
represented among the injured population, along with an increased representation of 
rural riders compared to on-road motorcycle casualties. Injuries incurred during 
‘sports and leisure’ activities represented a large majority of all injuries, suggesting 
recreational riding as a key contributor to injury. 
 
Study 3 built on the findings of the state-wide analyses by analysing a subset of 
serious off-road rider hospitalisations. This subset of serious cases, including only 
incidents resulting in a hospitalisation for 24 hours or more or a fatality, was sourced 
from data collected as part of a 5-year study of vehicle crashes in the rural north 
Queensland region. Multiple types of data were collected as part of this study and 
were able to be analysed to profile off-road riders and their injuries, including crash 
details, clinical injury records and interviews with injured riders. A number of 
findings similar to those in the previous study’s hospitalisation analyses were also 
found regarding these serious injuries cases. In line with the lower injury severity of 
off-road injuries identified in the previous study, fatalities were found to be a very 
rare outcome. Young males were again highly represented among casualties, with the 
high contribution of recreational use of vehicles also again found. Indications that 
injured riders are more likely to have a trade or labouring background compared to 
the general population were found. A higher concentration of injured female riders 
among those riding for work was however noted. Lower levels of helmet use were 
also noted as being related particularly to work riders, highlighting the effect of 
context on safety behaviours. The contribution of alcohol to crashes was found to be 
infrequent, yet comparable to that for on-road motorcycle crashes, suggesting it 
should remain a focus for off-road riders. 
 
Moving on from the consideration of injured riders, Study 4 presented analyses of 
survey panel data collected from a state-wide sample of more than 1,500 households 
in Queensland. This sample pertained to the general population, including but not 
limited to those taking part in off-road riding. Thus, this chapter facilitated analyses 
comparing the characteristics of those who rode off-road to those who did not, and 
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provided complementary population data in which to interpret the previously 
presented injury statistics. A substantial proportion of 15% the Queensland 
population was noted as having ridden off-road at least once in the previous 12 
months. Off-road riders were typified as being predominantly male, younger than 
non-riders and more likely to reside in rural and remote locations than non-riders. 
 
Study 5, the final study within this program of research, reports on the results of a 
questionnaire survey of 235 off-road riders recruited primarily using the survey panel 
analysed in Study 4. The primary purposes of this chapter was to provide further 
information on the individual characteristics, behaviour, psychology and social 
interactions of off-road riders, regardless of their injury status. This survey chapter 
thus facilitated analyses comparing those survey respondents reporting an off-road 
riding injury to those who did not report an injury. The relationship of both 
individual and social ecological contextual influences to off-road riding injury were 
analysed. Common characteristics of off-road riders included being male, having a 
trade qualification, and not taking part in frequent riding. Overall, riders reported risk 
taking profiles in-line with the general population, generally believed they were at a 
low risk of crashing, and more often than not frequently wore helmets and basic 
safety equipment. In terms of contextual influences, farms were reported as the most 
common riding location, though recreational riding was the most common purpose 
for riding. Attachment to other riders was generally low, though the involvement and 
influence of family members was common. Little interaction or influence of 
authorities or mass media on off-road riding was noted. 
 
Injury analyses identified younger riders as more likely to be injured, though the 
relationship between riding exposure and injury continues to be unclear. Injured 
riders reported a higher overall propensity to take risks, but were not noted as having 
a significantly different overall level of risk taking. Injured riders accurately reported 
a greater risk of crashing while riding, and also reported a lesser ability to prevent 
crashing.  
 
Further analyses identified key contextual differences on the basis of riding purposes.  
Those riding for a mix of recreational and competitive purposes 
(‘competition/recreation’ riders) were noted as being at the highest risk of injury. 
These riders were characterised by a stronger identification with off-road riding, a 
higher involvement in organised riding, a stronger level of attachment to other off-
road riders, a higher level of reported rider training and a greater concern by family 
members regarding their safety. This group had a higher rate of young male riders, 
reported more recreational risk taking generally, were more likely to use safety 
equipment and perceived a high perceived likelihood of crashing. Those only 
reporting riding for work purposes (‘work only’ riders) were a contrasting group. 
They were typified by a low level of attachment to other off-road riders, a greater 
proportion of female riders and considerably less use of safety equipment. This final 
chapter was thus able to identify particular sub-groups, defined by differing 
individual and social contexts, with clear relationships to self-reported injury. 
 
A number of recommendations for off-road riding injury prevention interventions 
were put forward based on the evidence raised by the program of research. These 
included overarching recommendations to always consider male riders and those 
riding for recreational purposes as the greatest contributors to the total injury burden 
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due to off-road riding. Other interventions are suggested including the establishment 
of a central group with responsibility for targeting off-road injuries, the targeting of 
family members as key models for safe behaviour, the development of media 
campaigns highlighting both positive and negative behaviours of off-road riders 
regarding safety, and the encouragement of riding in dedicated locations that can 
enforce basic safety behaviours. Overall, the program of research adds to the current 
understanding of off-road riders, their behaviours and contextual influences and 
suggests practical recommendations for injury prevention. 
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1 Background and Rationale 
 
This program of research has as its goal the development of recommendations to guide 
injury prevention for off-road riders. The core aim of the research is to understand the 
nature of off-road riders and their injuries from a social-ecological perspective, and to 
use this understanding to inform these recommendations. This first chapter provides a 
brief, introductory background to the program of research centred around this aim. The 
rationale for studying off-road riders is outlined, along with the scope of the current 
program of research. An outline and rationale for the chosen conceptual scope of the 
study is also provided. Following this, the content and contribution of each of the 
research chapters to the core aim is presented. 
 
1.1 Rationale for studying off-road riders 
 
Little research has been conducted into motorcyclists injured in an ‘off-road’ setting, 
broadly referring to riding occurring away from public highways and streets. This is 
despite statistics which indicate that the off-road riding population is both substantial, 
growing and contributes markedly to the overall injury burden from motorcycling. In 
terms of injury, a recent report released by the National Injury Surveillance Unit 
(NISU) shows that for Australia, 41% of all motorcycle related hospital separations 
could be attributed to a crash in a non-traffic (roughly comparable to off-road) area (K. 
McKenna & Harrison, 2012). Recent research from the United States (Mullins et al., 
2007) and Australia (Chong, Du, & Hatfield, 2010) has noted significant increases in 
the overall number of hospital admissions as well as an increase in the rate of injuries 
per capita for off-road riding. Researchers have also previously noted the lack of any 
systematic review of injury prevention countermeasures associated with motorcycle, 
trail bike and mini-bike riding (Chong et al., 2010; Victorian Injury Surveillance and 
Applied Research, 1997). This program of research seeks to address this shortfall 
through an in-depth analysis of off-road riding to inform injury prevention.  
 
1.2 Scope of the Current Study 
 
The following section outlines the scope of the current program of research. The   
differing definitions of ‘off-road’ in use are outlined along with the definition adopted 
by the current program of research. The overall scope of the program of research in 
regards to geographic area, types of riders, types of vehicles and types of riding are 
outlined. 
 
1.2.1 Defining ‘off-road’ 
 
Clearly defining off-road and on-road use of motorcycles (and similarly used All-
Terrain Vehicles) can be a difficult task, with this limitation sometimes leading to 
analysis of injured populations resulting from both on- and off-road modes of vehicle 
use. An example of this methodology is found in Anderson and Vaca’s (2006) analysis 
of vehicle hospitalisations in the United States. Grouped traffic and non-traffic 
emergency department presentations are presented alongside data pertaining only to 
on-road vehicle crashes. Such comparisons fail to take into account the different 
circumstances of on- and off-road riding or that rates of injury have been shown to 
differ by mode of riding (Chong et al., 2010).  It is therefore important to consider the 
definitions available within different data sources to determine as accurately as 
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possible the location of motorcycle crashes. 
 
Transport Authorities. Transport authorities such as the Queensland 
Department of Transport and Main Roads (DTMR) do not typically collect detailed 
data on off-road vehicle injuries, dealing primarily with crashes occurring on the 
formal road system. ‘Off-road’ is typically used to refer to areas that are away from 
routes that routinely carry traffic. Transport authorities often formally define on-road 
locations as a means to explicitly set legal boundaries for traffic laws and enforcement. 
Both the Australian Road Rules (Australian Transport Council, 1999) and 
Queensland’s Transport Operations (Road Use Management—Road Rules) Regulation 
(TORUMS, Queensland Transport, 1999) define a road as “an area that is open to or 
used by the public and is developed for, or has as one of its main uses, the driving or 
riding of motor vehicles” (Australian Transport Council, 1999, p28). In turn, specific 
‘road-related areas’ are considered to also be referenced by the generic term ‘road.’ 
‘Road related areas’ can be as diverse as a footpath, nature strip or area for parking of 
vehicles. The shoulder of roads is however explicitly excluded from being a part of the 
‘road.’ By exclusion then, off-road areas can be defined in this context as areas not 
open to the general public, or where the main use of the area is not driving or riding. 
 
 Hospital Admissions. Similarly, transportation hospital records are typically 
broken into traffic and non-traffic incidents as represented in the International 
Classification of Diseases 10 - Australian Modification, or ICD-10 AM (National 
Centre for Classification in Health, 1998). Non-traffic incidents approximate those 
crashes which would not be considered to fall under the jurisdiction of road 
legislation, referring to “any vehicle incident that occurs entirely in any place other 
than a public highway, street, or road.” However, it is worth noting that non-traffic 
areas and those falling outside formal definitions of the ‘road’ are not strictly 
interchangeable. Non-traffic areas may overlap somewhat with areas such as parking 
lots, which may be considered a ‘road-related area’ but are outside the scope of 
‘traffic’ areas.  
 
 Current Study. In rural areas where roads may not be sealed or as clearly 
marked as urban areas, making a distinction as to off-road or on-road can be very 
difficult. It is also possible that riders may pass from an off-road to an on-road setting 
in the duration of one riding session. This has implications as to whether the place, 
vehicle type, or purpose of riding should be considered the deciding factor in 
attributing an incident as on- or off-road. The current study takes an inclusive 
approach to data analysis, analysing all available data that could reasonably be 
considered ‘off-road’ in the context of the data source. The scope of each of the 
analysis chapters is discussed further in their respective methodology chapters. 
 
1.2.2 Geographic study area 
 
The current study has chosen the geographic area of Queensland as the scope for data 
collection. While this is largely for practical reasons such as ease of access to 
participants and data, anecdotal evidence points to there being a substantial population 
of off-road riders in Queensland that may benefit from injury prevention interventions. 
While the results of this program of research are likely to be transferrable to other 
regions of Australia, application to other jurisdictions would need to consider carefully 
the local context of off-road riding and how this may affect the generalisability of the 
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current findings.  
 
1.2.3 Types of off-road vehicles 
 
Similar to the riding locations treated as ‘in-scope’ for the current program of research, 
an inclusive approach has been taken to what vehicle types are included in the 
analyses. While there are dedicated ‘on-road’ and ‘off-road’ motorcycles, there are a 
number of ‘dual-purpose’ (or ‘dual-sport’) vehicles which make clear differentiation 
between possible on- and off-road usage of vehicles very difficult. Where used in an 
off-road context as defined above, dual purpose and off-road vehicles are not 
considered separately for the current research. A more distinct differentiation can 
however be drawn between two-wheel motorcycles and the four-wheel All-Terrain 
Vehicles (ATVs) or ‘quadbikes.’ ATVs are considered as part of ‘off-road riding’ in 
the context of the current research, in that the vehicle types can be used 
interchangeably for similar tasks. The primary differences between these two vehicle 
types relate to the number of wheels - two for motorcycles and four for ATVs. The 
four wheels of the ATV allow the vehicle to be stable on level ground while stopped, 
without being supported by the rider. Both vehicle types typically have a ‘step-over’ 
design where the rider's legs are positioned on either side of the vehicle, though ATVs 
often provide a larger overall area surrounding the seating position of the rider. Where 
possible throughout the analyses in this program of research, ATV riders and two-
wheel motorcycle riders are considered separately. In-depth discussion of other off-
road vehicles such as side-by-side vehicles (SSVs) is not included in this program of 
research. These vehicles are differentiated from the step-over ATV designs by the 
side-by-side seating configuration of the vehicle controller and a potential passenger. 
SSVs are not well-differentiated in administrative data such as hospitalisation records 
and have not been identified as a large contributor to off-road injuries. 
 
1.2.4 Types of off-road riders 
 
Substantial past research has been published on off-road riding injuries involving 
children, with a particular focus on injuries occurring while riding All-Terrain 
Vehicles. Research published over the last 30 years has consistently noted the on-
going problem, which continues to worsen in terms of both the overall number of 
injuries and the rate of injury. These studies have however largely focused on 
documenting the number and types of injuries and the demographic characteristics of 
young riders under 16 years of age (Bowman & Aitken, 2010; Committee on Accident 
and Poison Prevention, 1987; Lynch, Gardner, & Worsey, 1998). Comparatively little 
evidence has however been presented regarding injuries to adult off-road riders or 
sought to address the relationship between social and psychological characteristics and 
off-road riding injury. The current study seeks to address this gap in research 
knowledge and utilises interviews and surveys conducted with riders (as outlined in 
the following ‘overview of research’). It was decided that in light of the potential 
difficulties associated with surveying children and the lack of research targeted at 
adult off-road riders, that the current program of research would focus on riders aged 
16 years and older. Secondary data on injuries is however an exception to this scoping, 
where analyses include child riders to note the total injury burden arising from off-
road riding. 
 
1.2.5 Types of off-road riding 
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The current program of research aims to profile the characteristics of different riding 
groups, their relative representation among injured riders, and their differing injury 
risk. Consequently, focus is not given to any particular type of off-road rider, such as 
those riding for recreational purposes or those riding for occupational or farming 
purposes. In developing interventions that work across contexts and have maximal 
impact, it is assumed that the relationships between the riding groups and the contexts 
they ride in are an important influence on an individual’s or group’s riding safety. 
 
1.3 Conceptual frame 
 
Injury prevention models have acknowledged that interventions can be targeted at 
multiple levels, from individual behaviours, to peer group influences, to higher-level 
influences such as the media or legislation. Co-ordination of interventions at multiple 
levels has also been noted as an appropriate strategy. This has been reflected in 
national road safety action plans which have advocated a ‘safe systems’ approach that 
considers both the individual and factors external to the individual such as a safe 
driving context and speed management (Australian Transport Council, 2011). Social-
ecological models of behaviour similarly emphasise the individual as a part of a series 
of progressively larger systems, affected by both micro- level social interactions and 
macro- level social structures. The current program of research particularly focuses on 
describing the behavioural, psychological and social factors contributing to off-road 
riding injury. Where applicable, discussion is expanded to include the interactions of 
these psychosocial factors with vehicle or physical environment factors. An in-depth 
discussion of the potential contribution of various vehicle engineering factors to off-
road riding injury is however outside of the scope of the current study. 
Conceptualising behaviour as arising from social-ecological influences thus aligns 
well with what is known about developing effective interventions.  
 
1.3.1 Bronfenbrenner’s ecological model of development 
 
Urie Bronfenbrenner’s ecological model of development postulates several levels at 
which interactions occur to shape an individual. The first is the microsystem, referring 
to “the pattern of activities, roles, and interpersonal relations experienced by the 
developing person in a given setting with particular physical and material 
characteristics” (Bronfenbrenner, 1979). In relation to the current research topic, a 
microsystem would refer to the immediate physical location where off-road riding 
takes place, the particular roles the rider fills in this context, and the person-to-person 
interactions which occur surrounding the off-road riding behaviour itself. Importantly, 
Bronfenbrenner’s conceptualisation of a microsystem is not solely focused on the 
individual and their interactions, but also includes the perceptions and interpretations 
between people. The microsystem is the most easily understood and measurable level 
in the ecological model, as it focuses on current, relevant, visible events, even if higher 
levels of influence such as a global culture are also guiding behaviour. 
 
The mesosystem is the next level in the model, referring to the interactions between 
any two or more of the microsystems that people may move between. In this instance, 
this would refer to the interactions between the off-road riding context and other social 
circles such as family, friends, or work colleagues. The next two levels deal with less-
direct effects on behaviour. These are namely the exosystem, which refers to those 
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settings which the person is not directly involved in, but which have an impact on their 
behaviour. That is, these refer to microsystems which friends, family and 
acquaintances interact with frequently. The highest level in Bronfenbrenner’s initial 
conceptualisation is the macrosystem, referring to consistencies within the three 
previous systems which influence interactions between people and settings. A later 
revision of the model added the additional level of the chronosystem, referring to time-
related factors that may impinge on all or some of the lower level systems 
(Bronfenbrenner, 1994). The chronosystem takes into account influences such as 
ageing, cultural shifts and widespread events such as the great depression.  
 
Hovell et al (2001), in describing the Behavioural Ecological Model (or BEM) 
explains how reinforcement of behaviours occurs at all levels of an ecological model, 
from broad, generic cultural rules at a societal level, to highly specific reinforcements 
of individuals or localised networks. That is, unspoken rules are reinforced in day to 
day living within a culture, while more immediate or specific behaviours may be 
heavily influenced by closer interactions. The BEM postulates that patterns of 
behaviour are affected not only by an individual’s unique experiences, but also 
through the input of the groups which they are exposed to. That is, belonging to a 
particular social group guides and reinforces the nature of a particular behaviour. In 
the current proposed model of off-road riding, the purpose of riding and the nature of 
other participants would be predicted to have a profound effect. For example, the 
motivations and riding partners of an experienced competitive rider may differ greatly 
from those of a casually-involved recreational rider. 
 
1.4 Application of an ecological model to off-road riding 
 
The multiple levels of Bronfenbrenner’s ecological model can be mapped to specific 
target areas for intervention. Andrews (1985) in a discussion of methods to improve 
the health and well-being of urban children, outlines an example of this mapping 
process. The figure below adapts the work of Andrews to the current context of 
preventing off-road riding injuries. This conceptualisation of a nested model includes 
consideration of the individual rider, their interactions with family and social groups, 
to the influence of the wider community and social norms. 
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Ecological Model of Off-road Riding Behaviour 
Influence Type  Ecological System  Level of Intervention  Focus 
   
Cognitive and 
Behavioural 
 Individual Individual        Individual 
      
Behavioural  Microsystem Family   
   Small groups        Social situation 
      
Behavioural 
and social 
 Mesosystem Social networks   
               Ecological setting 
   Neighbourhood   
      
Social and 
political 
 Exosystem Community   
   Local Govt. Area   
   Media   
      
Political and 
cultural 
 Macrosystem Region 
Politics 
                Cultural  
    context 
    Societal norms   
   
Adapted from Andrews (1985), Figure 1, p377. 
 
Figure 1.1. Ecological influences on off-road road riding 
 
This model raises a number of questions which are applicable to understanding off-
road riding. At the most basic level, the model suggests exploring the cognitions and 
behaviours of the individual rider, and how these may relate to the experience of 
injury. In practice, this is translatable to determining the behaviours, demographic 
characteristics, and psychological characteristics which are related to injury. Moving 
from the individual, the model suggests consideration be given to the influence of 
immediate social interactions such as those involving family members or other small 
groups such as fellow riders which may influence the individual’s behaviours and 
cognitions. These low level interactions should be considered both in terms of their 
overall frequency and importance to individual riders as well as the impact these 
groups directly have in increasing or decreasing the risk of injury. 
 
Over and above the influence of these social groups, the model considers the influence 
of neighbourhoods, local government decision making, local and mass media and 
overall regional influences. As for the interactions with the smaller groups such as 
family, the degree of impact on individual riders of these higher order influences 
should be considered. For example, in considering the influence of the media, the level 
of exposure, content of messages and relevance to off-road riders should be 
considered. From this level, the ecological model also extends to the consideration of 
the influence of cultural and political factors. This is the most abstract level of the 
model, where drawing direct links to the effect on individuals is most difficult. This is 
discussed further in the following section. 
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1.4.1 Rationale for use of an ecological model 
 
A number of social ecological models exist, all of which draw on the ecology concept 
in biology to hypothesise that a person is affected not only by their individual 
characteristics but also by interactions with their physical and sociocultural 
environments. Sallis, Owen and Fisher (2008) provide a summary of both historical 
and contemporary social ecological models. 
 
While early theorising by Lewin and Cartwright (1951) and Barker (1968) recognised 
the benefits of considering individuals within  contexts, they provided little clear 
structure for guiding research and served mainly to redirect the focus of social science 
at the time. Other ecological theories encourage a more restrictive research focus, such 
as the Structural Ecological Model's focus on population consumption of beneficial or 
harmful 'products' (Cohen, Scribner, & Farley, 2000), or the Resources and Skills for 
Self-Management Model’s (Fisher et al., 2005) particular focus on education and 
support strategies. 
 
Flay and Petraitis' (1994) Theory of Triadic Influence is a more general theory of 
health-related behaviours  which acknowledges the combined influence of biology, 
culture and immediate social context. The theory however attempts to integrate 
individual-focused attitudinal theories with social influences and consequently suffers 
from a high degree of complexity. A similar criticism can be levelled at Glass and 
McAtee's (2006) Ecosocial Model in that it attempts to integrate biological, 
psychological and higher-order contextual factors within the one model as a backlash 
against the unproductive nature-nurture debate. 
 
Bronfenbrenner’s (1979) theory has a focus on interpersonal interactions in various 
social settings which aligns well with the earlier stated focus of the program of 
research to psychosocial influences. It is also a non-specific theory that does not 
enforce a strong formal structure for how a program of research utilising the theory 
should be conducted. The current program of research, while aiming to develop a 
guide for intervention targets, is exploratory in nature and is building on an existing 
lack of evidence regarding possible interventions. As Sallis et al (2008) note in their 
review of social ecological models, identifying specific targets for intervention is 
challenging as they can vary substantially depending on the specific nature of the 
target activity. Given the inclusive scope of the current study in terms of age range, 
geography, vehicle types and riding activities, a broad and non-restrictive theoretical 
base is considered appropriate. 
 
A particular strength of the ecological model is that it does not consider the individual 
in isolation. Some researchers have criticised individual-focused interventions which 
have a tendency to ‘blame the victim’ and downplay the possibility of broader-level 
changes to the environment around the individual. In contrast, they suggest that 
intrapersonal factors, interpersonal processes, institutional factors, community factors 
and public policy are all relevant levels to target health promotion activities (McLeroy, 
Bibeau, Steckler, & Glanz, 1988). Interpersonal interactions and individual change 
effects can occur as influence cascades down from higher level policy changes. 
McIntosh et al (McIntosh, Lyon, Carlson, Everette, & Loera, 2008) try to address 
some of the existing issues with quantitative measurement of ecological variables, 
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focusing primarily on the mesosystem level of the model. Though their review looked 
at adolescent and family ecological literature, it outlines a framework for investigating 
interactions. Specifically, the three measurement types of behavioural, cognitive and 
affective questioning are suggested (McIntosh et al., 2008). Behavioural measures 
relate to actual interactions between microsystems; cognitive measures to thoughts 
about the interactions (‘I think’), and affective measures to emotions surrounding the 
interactions (‘I feel’). The influence of the physical surrounds are also noted by 
McIntosh et al (2008), when they note that a relationship can span across multiple 
settings, or multiple relationship types can occur within the same setting. This is most 
clearly related to the current off-road riding context in that it is possible that family, 
friends and work colleagues may all ride together in varying settings and social 
contexts. 
 
Little research has specifically looked at operationalising in empirical form the higher 
exosystem and macrosystem levels. Important as they may be, having a measurement 
of these higher levels requires data to be grouped at the higher levels at the time of 
collection (Stevenson & McClure, 2005). Some factors, such as the geographic 
classifications of rurality, are routinely collected or able to be inferred from existing 
data such as postcodes. More detailed data however still poses a challenge, as factors 
such as the overarching culture are not easily measurable. Collecting data from 
individuals and drawing a causal link between their behaviours and the influence of an 
exosystem or macrosystem may overlook the varying inter-relationships between 
individuals and contexts (Bronfenbrenner, 1977). It is thus important to consider 
behaviour as resulting from multiple ecological levels, all of which potentially interact 
with one another. 
 
1.5 Overview of research 
 
The following section provides an overview of the current program of research and the 
contribution of each chapter within this thesis to developing recommendations for off-
road riding injury prevention. Figure 1.2 on the following page presents an overview 
of the aims, methodology, and data sources used for each chapter. 
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Core Research Aim 
Understand off-road riders and their injuries from a social-ecological perspective
 
Background Literature
 
Aims: 
In regards to off-road riders: 
- Profile the characteristics of the population 
- Identify factors related to incurring injury 
- Review the efficacy of previous injury prevention 
interventions 
 
Aim: 
Identify psychosocial factors related to off-road 
riding 
   
Chapter 2  Chapter 3 
Profiling Off-road Riding  Psychosocial Basis of Off-road Riding 
Background on characteristics and contexts in 
which off-road riding occurs, key groups among the 
injured sub-population of riders, risk factors for 
injury, and review of interventions to reduce injury. 
 Background on psychological characteristics 
affecting involvement in and influencing off-road 
riding, with a particular focus on risk taking and risk 
perceptions. 
 
Overview of Studies and Research Questions  
 
Chapter 4 
Overview of proposed studies and statement of research questions to address issues identified in the review of 
background literature. 
 
Background and Rider Perspective 
Aim: Provide background regarding off-road riding from a participant perspective
 
Chapter 5 
Rider Interviews 
Qualitative analysis of interviews and focus groups with off-road riders to ascertain key issues from a rider 
perspective, with a focus on motivations for riding and safety. 
 
Injury Profiling 
Aim: Profile the characteristics, contexts and nature of off-road riding injuries 
 
Chapter 6  Chapter 7 
Hospital Admissions Analyses  Rural and Remote Serious Injury Analyses 
Analysis of administratively collected hospital 
admissions data regarding off-road riding injury for 
the entire state of Queensland, with a comparison to 
on-road motorcycle injuries. 
 Analysis of detailed interview and clinical data 
regarding serious off-road riding injuries collected as 
part of a previous study of transport injury, with a 
comparison to on-road motorcycle injuries also 
collected as part of the study. 
 
Rider Profiling 
Aim: Profile the characteristics of off-road riders, their behaviours and the contextual influences on their riding
 
Chapter 8  Chapter 9 
Off-road Rider Characteristics  Survey of Off-road Riders 
Analysis of off-road rider characteristics within the 
general population drawn from a state-wide survey 
panel population, including estimation of the extent 
of involvement in the activity. 
 Detailed analysis of questionnaires completed by off-
road riders regarding their patterns of riding, 
behaviours, and potential contextual influences. 
 
Summary and Recommendations 
Aim: Make recommendations to prevent off-road riding injury based on the previous findings
 
Chapter 10  Chapter 11 
Summary of Research  Recommendations 
Summary of the findings presented in Chapters 2-9 
including a summary of how the findings relate to 
the research questions presented in Chapter 4. 
 Synthesis of information from the previous chapters 
to present a number of recommendations to guide 
injury prevention efforts for off-road riding, 
including discussion of their practicality. 
   
 
Figure 1.2. Overview of the research process and each chapters’ contribution 
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A number of data sources and methods were used to inform the final recommendations 
put forward for injury prevention interventions. The review of existing literature was 
covered in two chapters, each addressing separate aims. 
 
Chapter 2 profiles off-road riding, and addresses a number of aims relating to the 
population of riders, factors related to injury and injury prevention programs. This 
chapter particularly aims to identify the size and nature of the off-road riding 
population and key sub-groups within this population in regards to types of riding as 
well as individual and social characteristics. In addition to these general profiles of the 
off-road riding population, the review of literature also aims to identify those 
individual and contextual factors which have been previously been identified as risk or 
protective factors for injury. Following from this, the existing evidence regarding 
interventions and countermeasures that have been applied to the prevention of off-road 
riding injury are reviewed. 
 
Chapter 3 reviews the literature related to identifying a psychosocial base for 
understanding off-road riding. In particular, a focus is given to understanding risk 
taking and risk perception in regards to off-road riding and the potential for injury. 
Issues to be considered include riders’ potential motivations for taking risks, the issue 
of contextual influences on risk taking, the concept of voluntarily taking risks, and the 
participants’ as opposed to researcher’s perspective on risk taking. Additional central 
social and familial factors which have been mentioned in past research are also 
discussed. Following from these two chapters, a number of research questions are 
presented in Chapter 4 to guide the following chapters’ contributions to understanding 
off-road riding and its resultant injuries. 
 
Chapter 5 presents an analysis of interviews and focus groups conducted with off-road 
riders. These analyses address the aim of understanding off-road riding from a 
participant perspective, seeking to gauge off-road riders’ attitudes, perceptions and 
behaviours, with a focus on the causes of injuries and possible injury prevention 
strategies. Together with the literature review, these interviews aim to additionally 
provide some basic information regarding the culture of the group and the feasibility 
and favourability towards differing intervention strategies. 
 
Detailed analysis of off-road riding casualties and their injuries is presented in 
Chapters 6 and 7. Data from two secondary sources were analysed, namely 
Queensland-wide hospital admissions data and a subset of serious hospitalisation cases 
drawn from a larger study of rural transport injuries in the north Queensland region.  
In understanding a behaviour like off-road riding injury, researchers have pointed to 
the need to collect evidence regarding the extent, etiology and mechanisms of injury 
(C. F. Finch, 2006). The current program of research draws substantially on 
retrospective injury data collected for administrative purposes within hospitals and as 
part of a larger study of transport injuries in rural north Queensland. While a limitation 
of using these retrospective data sources is that they were not targeted specifically to 
off-road riders, they are useful as they contain data for a longer period and with a 
wider scope than would be practical to collect within the resourcing of the current 
program of research. The state-wide administrative data allows for the analysis of 
overall trends and patterns among the injured off-road riding population, as it provides 
basic demographic and clinical information on a high proportion of all patients 
admitted to hospital. Thus, the analyses of this data will focus on characterising the 
predominant person and injury characteristics of off-road rider casualties. The specific 
data drawn from the previous rural study provides a complementary subset of the most 
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seriously injured off-road riding casualties. This data is drawn primarily from 
interviews with injured riders, and thus facilitates more detailed analyses such as the 
examination of extended personal, social, psychological and circumstantial factors 
related to the crash.  
 
Chapter 8 provides an analysis of person details collected for use as a state-wide 
survey panel. While Chapters 6 and 7 present analyses of the injured sub-population, 
the final two analysis chapters aim to profile the off-road riding population generally, 
as a means to establishing contextual information in which to interpret the injury 
findings. As part of this survey panel’s initial screening survey, potential participants 
responded as to whether they had ridden a motorcycle or ATV off-road in the previous 
12 months. This data thus provides a unique opportunity to both estimate the extent of 
the off-road riding population and to compare the characteristics of riders and non-
riders across a large sample. 
 
Chapter 9 reports on the results of a questionnaire survey conducted with off-road 
riders primarily recruited from the survey panel also used for Chapter 8. In addition to 
the basic demographic characteristics of riders able to be derived from the analyses in 
Chapter 8, an extended series of questions addressing theoretical and psychological 
issues is reported on. These include specific questions targeted towards the general 
issues examined in the previous chapters including respondents’ self-reported contexts 
of riding, safety behaviours and attitudes, psychosocial characteristics, social 
interactions, risk taking, and risk perceptions. In addition to these analyses, a particular 
focus will be given to identifying distinct sub-groups of riders related to a higher 
likelihood of self-reported injury. 
 
Chapter 10 provides a summary of the findings of the program of research presented 
within Chapters 2 to 9, with an emphasis on identifying commonalities among the 
findings that address the research questions outlined in Chapter 4. A discussion of the 
strengths and weaknesses of the studies in addressing the research questions is also 
presented alongside this summary. Finally, Chapter 11 synthesises the research 
findings to present a number of evidence-based recommendations for off-road rider 
injury prevention. Particular focus is given to tailoring recommendations based on 
their applicability to the risk factors specific to varying rider sub-groups and riding 
contexts. Each recommendation is considered in terms of potential implementation 
issues, in line with research which has highlighted the importance of considering the 
acceptability and practicality of interventions (Parkkari, Kujala, & Kannus, 2001). 
 
1.6 Chapter Summary 
 
This chapter has provided an overview of the PhD program, describing the rationale, 
scope and conceptual frame for the following studies. The substantial number of 
injuries attributable to off-road riding was noted, along with the current lack of 
research into specific, targeted interventions. The scope of the thesis was outlined in 
regards to defining off-road locations, the geographic study area, and the types of 
vehicles, riders and riding included. The application of an ecological model to 
understanding off-road riding was presented, including the multiple levels at which 
injury prevention interventions could be targeted. Each of the chapter’s contributions 
to the overall aim of understanding off-road riding was then presented to provide an 
overview of the thesis content. The following chapter begins the review of the 
published literature regarding off-road riders, their injuries and potential intervention 
strategies. 
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2 Profiling Off-road Riding 
 
As described in the previous overview chapter, the following chapter is the first of the 
two chapters reviewing the previous literature regarding off-road riding. This chapter 
provides an overview of the population of off-road riders and describes previously 
identified factors related to injury while riding off-road. Evidence is firstly reviewed 
regarding the size of the off-road riding population and the types of people that are 
involved in the activity. Secondly, key groups within the sub-population of injured off-
road riders identified by past research are discussed. The relationships between these 
groups of riders and potential injury are summarised. Off-road riding crashes and 
resulting injuries are then profiled. A profile of the extent and nature of off-road riding 
injuries is discussed, along with a summary of research comparing the relative injury 
risks of off-road riding to other activities. Specific behaviours and characteristics of 
off-road riders that have been identified as contributing factors to injury are then 
summarised. Following from this profile of injury, the current chapter also summarises 
published literature regarding interventions and countermeasures which have been 
targeted specifically at reducing the injury burden associated with off-road riding. The 
efficacy of these interventions and issues surrounding their implementation are 
discussed. 
 
2.1 Population of off-road riders 
 
Data from the Federal Chamber of Automotive Industries (FCAI) has indicated that 
46% of all two-wheel motorcycles sold in Australia in 2012 were marketed for off-
road use (Federal Chamber of Automotive Industries, 2013). It is estimated that 
350,000 of the total 750,000 motorcycles in Australia are not registered for on-road 
use (FCAI, 2006a). The rate of growth in sales of off-road motorcycles has also 
mirrored the rise in on-road registered motorcycles in Australia as shown in Figure 2.1 
comparing nationwide total motorcycle registrations with annual new off-road vehicle 
sales. In line with this finding, many motorcycling clubs in the South-east Queensland 
region have reported recent growth in both memberships and interest in off-road riding 
(Hibbins, 2002). 
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Figure 2.1. Comparison of Australian motorcycle on-road registrations and off-road 
motorcycle new vehicle sales 
 
A small group of recent studies has provided some further information on the 
characteristics of the off-road riding population. The 2007 ‘South East Queensland 
Outdoor Recreation Demand Study’ (Sport and Recreation Queensland, 2007) and the 
later published ‘Outdoor Recreation Trends in South East Queensland Between 1997 
and 2007’ (Sport and Recreation Queensland, 2008) provide data on the levels of 
participation in outdoor recreation within the south-east corner of Queensland. The 
scope of the research included “people’s use of the natural environment…. [looking at] 
activities… in a natural environment, away from the city and within 4 hours drive 
from home.” As such, this research has a focus on less urban forms of recreation 
within the relatively densely populated south-east Queensland corner. 
 
The surveys used computer-assisted telephone interviews to take age and gender 
representative samples of those aged 15 years and above across the approximately 2 
million residents of South-East Queensland. Participation in off-road vehicle riding 
was captured by the ‘Driving other vehicles’ category which specifically included the 
use of trail bikes, quads and trikes on unsealed roads1. The below table presents some 
key characteristics of those who reported riding between 1997 and 2007. 
 
                                                 
1 “driving other motorised vehicles - for example trail bikes, quads or trikes - on unsealed roads or tracks” 
‘Quads’ refers to four-wheeled vehicles, otherwise known as All-Terrain Vehicles. ‘Trikes’ refers to similar 
three-wheeled vehicles. 
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Table 2.1. ‘Driving other vehicles’ responses, South-East Queensland Outdoor 
Recreation Demand Studies, 1997-2007 
 
 Study Year 
Statistic  1997 2001  2007 
       
Total Study Sample - N  2 221 2 820  1 334
‘Driving other vehicles’ (off-road riding)   
n  n/a1 n/a1  142
%  7% 7%  11%
Estimated SEQ population participating  75 000 133 050  233 076
Median annual participation frequency  4.2 5  5
Estimated total recreation events  315 000 665 250  1 165 379
       
% participants wanting to participate more  <1% 7%  10%
       
1- Although the exact number of ‘yes’ responses is not reported, a range can be inferred from the 
percentages. i.e. - For 1997, n = 145 - 166 and for 2001, n = 184 - 211.  
Sources: (Sport and Recreation Queensland, 2007, 2008) 
 
As can be seen from the results, the proportion of residents taking part in off-road 
riding remained consistent between 1997 and 2001 and made a substantial 
proportional increase in the 2007 responses. This increase should however be 
interpreted with some caution given that the total study sample more than halved 
between the 2001 and 2007 collections. The figures do however indicate that 
participation rates are likely to have been at least maintained at a similar level across 
this period. This assertion is also supported by other findings from the studies. Over 
the same time frame, responses to a question which asked if current riders wanted to 
increase their participation in the activity rose from under 1% in 1999 to a peak of 
10% in 2007, indicating a greater demand for the recreation. The 2007 report 
additionally provided a breakdown of participation in ‘Driving other vehicles’ by 
council region, the results of which are shown by gender in Figure 2.2.  
 
Respondents from the urban Brisbane City council area were much less likely than 
those in the surrounding council areas to report taking part in the behaviour. It should 
however be kept in mind that the region of residence of participants would not 
necessarily correspond to the region in which they would take part in riding off-road. 
Males were consistently more likely to report taking part in off-road riding, 
constituting 63% (n=89) of all off-road riders. This was in contrast to males 
constituting 40% (n=473) of the remaining 1192 survey respondents. A comparison of 
the age and gender distribution between riders and non-riders in the total sample is 
shown in Table 2.2 below. 
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Source: (Sport and Recreation Queensland, 2007) 
 
Figure 2.2. Participation in ‘Driving other vehicles’ by council region and gender, 
Queensland Outdoor Recreation Demands Study, 2007 
 
Table 2.2. Age and gender distribution by involvement in ‘Driving other vehicles’, 
South-East Queensland Outdoor Recreation Demand Studies, 1997-2007 
 
  Riders Non-riders 
  Male Female Male  Female 
Age group (years)  n % n % n %  n % 
             
15-24  43 48.3 17 32.1 84 17.8  95 13.2
25-39  22 24.7 20 37.7 121 25.6  193 26.8
40-54  19 21.3 12 22.6 124 26.2  193 26.7
55-64  4 4.5 4 7.5 62 13.1  118 16.4
65+  1 1.1 0 0.0 82 17.3  118 16.4
             
Valid Total  89 100.0 53 100.0 473 100.0  717 100.0
             
Unspecified  0 0.0 0 0.0 0 0.0  3 0.0
             
Total  89 100.0 53 100.0 473 100.0  720 100.0
             
Source: (Sport and Recreation Queensland, 2007) 
 
Proportionally, younger age groups were much more likely to take part in off-road 
riding. Those in the 15-24 year age group made up just under half of all male riders 
with the remainder being split evenly between those age 25-39 years and 40-54 years. 
Female riders were most represented in the 15-24 years and 25-39 years age groups.  
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Table 2.3. ‘Driving other vehicles’ responses, South-East Queensland Outdoor 
Recreation Demand Studies, 1997-2007 
 
Participation  
Frequency  
 n % Cumulative % 
     
1   21  15%  15% 
2-4   43  30%  45% 
5-10   35  25%  70% 
11-20   11  8%  77% 
21-50   17  12%  89% 
51-199   6  4%  94% 
200+   9  6%  100% 
     
Total  142 100% 100% 
     
Source: (Sport and Recreation Queensland, 2007) 
 
The frequency of participation in the previous 12 months in ‘Driving other vehicles’ 
from the study is shown above in Table 2.3. Of those that had taken part in off-road 
riding in the last 12 months, 70% rode 10 times or less, or less than once a month on 
average. Only around 10% of the riders rode more than 50 times in a year.  
 
Another survey was undertaken in 2009 by the Strategic Leisure Group on behalf of 
the South East Queensland Trail Bike Management Forum (Strategic Leisure Group, 
2009). This survey of 511 South East Queensland trail bike riders focused primarily on 
the provision of riding locations and factors associated with both illegal and legal 
riding (Strategic Leisure Group, 2009). The sample of riders was drawn primarily 
from intercept interviews undertaken with riders at both legal and illegal riding sites. 
Targeted sites were primarily in outer Brisbane suburbs and the Gold and Sunshine 
Coast hinterland regions. Surveys were also supplemented with drop-offs at retail sites 
and through e-mail distribution. Riders on private properties were not recruited in this 
survey.  
 
The frequency of participation in off-road riding was more common among the 
interviewees of this study compared to those of the above discussed South-East 
Queensland Outdoor Recreation Demand Study (SEQORDS). Of all respondents, 85% 
reported they rode at least once a month, with 35% reporting they rode on a weekly or 
more frequent basis. This compares to only 30% of the SEQORDS respondents riding 
at a monthly frequency. The findings of this study may thus be representative of more 
committed riders who are willing to ride in public locations rather than on their own 
private properties. A number of key demographic characteristics of the riding group 
were identified. In terms of demographics, 89% of those surveyed were male and 77% 
were aged between 25 and 54 years, with peak representation in the 35 to 44 years age 
group. ‘Professionals’ and ‘tradespersons’ were the dominant reported occupations 
among riders, reflected in the finding that 41% of respondents had a trade or technical 
qualification as their highest education level.  
 
Questions were also asked as to the riding behaviours of the sample. Just over half of 
the respondents were a member of a club, indicating a potentially large group of 
organised riders. As mentioned above, the sample from this intercept study did 
however have a high representation of riders above 30 years, who were also identified 
in the study as being more inclined to ride in a group environment compared to 
younger riders. Those surveyed usually rode with friends (56%), family (26%) or with 
an organised group (11%). The social nature of the activity was highlighted by only 
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2% of the respondents reporting usually riding alone. Over three-quarters of 
respondents reported that other family members also rode (the majority of this group 
being children of the surveyed riders).  
 
A profile of the different riding groups within the study region was also provided 
through a cluster analysis of the collected survey data. A total of 5 distinct groups of 
riders sharing similar characteristics were identified, and are detailed below in Table 
2.4. 
 
Table 2.4. Rider Groups Identified by Cluster Analysis of South East Queensland 
Rider Intercept Interviews 
 
Group name Age Education/Employment Other Details 
    
‘Trades and 
trailblazers’ 
25-34yrs - Trade education / 
employment 
- Moderate, varied 
motivations 
- Seek excitement/thrill 
    
‘Serious 
Professionals’ 
25-44yrs - Professional 
employment / 
undergraduate university 
qualifications 
- High sensation seeking 
- High motivations to ride 
    
‘Family guys’ 35-44yrs - Trade employment / 
managers 
- Ride with family 
members 
- Lower sensation seeking 
    
‘Educated 
ambivalents’ 
45-54yrs Postgraduate education - Greater riding in groups
- Ride with family and 
friends 
- Lower levels of 
involvement 
- Lower sensation seeking 
    
‘Young guns’ ≤18yrs Secondary school 
education 
- Ride with friends 
- Competition a primary 
motivation 
    
Source: (Strategic Leisure Group, 2009) 
 
These differing groups of riders were interpreted by the report’s authors as challenging 
the stereotype that trail bike riders are mostly young, thrill seeking riders. While this 
demographic was represented, most clearly in the ‘young guns’ group and somewhat 
among the ‘serious professionals,’ any intervention strategy would need to keep in 
mind that middle aged, family-focused riders and casual older riders are also included 
in the make-up of trail bike riders. 
 
Hibbins’ (2002) investigation into unlicensed, unregistered and underage off-road 
riding in Queensland similarly noted that riders are not a homogenous group. He 
identified two main types of riders, those riding in a structured, primarily competitive 
environment, and those riding in a non-competitive, primarily recreational context. 
The research concluded that illegal riding would never be completely eliminated due 
to its spontaneous and unstructured nature. For this segment of riders, there was little 
interest in transferring to a structured mode of riding. The potential impact of parents 
and older riders in assisting to reverse this trend was identified as a key issue.  
 
A 2009 ‘market research’ survey of trail bike users undertaken by the Victorian 
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Department of Sustainability and Environment provides additional information on the 
characteristics of riders in Australia (Department of Sustainability and Environment, 
2010). The majority of riders reported riding with friends, with only 7% of riders 
riding alone. Multiple purposes of riding were noted, from the social interactions 
favoured by ‘touring’ riders through to the individual focus of more competitive 
riders. The personal needs addressed by off-road riding included freedom, self-
indulgence, escape, thrills and the challenges of riding. The camaraderie of the riding 
community was likewise noted as a positive aspect of the activity. The family element 
of riding was expressed by some riders, particularly in terms of a tradition of trail bike 
riding passed down through the generations from father to son. A rationalisation of 
illegal riding activities and the potential nuisance caused by off-road riding was also 
noted by the authors, with a frequent claim to a small proportion of nuisance riders 
who tarnished the image of off-road riders as a whole. 
 
The above summarised studies have mainly presented information on the 
characteristics of recreational off-road riders. There is comparatively little information 
on the characteristics of those riding for occupational purposes. Day, Statthakis and 
O’Hare’s (2006) survey of more than 2,500 farm-based riders in Victoria provides 
some evidence regarding the characteristics of these riders. A total of 70% of surveyed 
farms used motorcycles, with 85% of riders being above the age of 15 years. The 
riding population was generally older than the above described populations, with 41% 
of all riders being between 40 and 64 years of age. While farms overall owned nearly 
equal proportions of four-wheel ATVs and two-wheel motorcycles and, ATVs were 
more commonly used. Approximately a quarter of two wheel motorcycles were used 
for recreational as well as farming purposes, with approximately 5% of ATVs also 
used for recreation. 
 
A survey of registered motorcycle users from across New South Wales conducted by 
Harrison and Christie (2003) also provided some broad information regarding the off-
road riding population generally. Of those surveyed, it was found that 4.6% of all 
registered motorcycle travel occurred on ‘other road types’. This category was 
interpreted throughout the report as off-road riding, as it excluded all road types which 
would normally be considered ‘on-road.’2 Using a cluster analysis methodology, they 
identified a distinct group of riders that undertook 72.5% of all their travel in this off-
road setting. This group also only rode half as many kilometres as the overall mean of 
all the riders surveyed, suggesting a core group of riders who primarily ride off-road. 
Research undertaken by ICF Consulting (2001) in the United States similarly 
identified that 20% of the U.S. motorcycle fleet were ‘off-road’ vehicles, with 98% 
being used off-road and only 10% ever being used in an on-road context. Harrison and 
Christie (2003) also identified a higher self-reported crash rate for those riders who 
used trail/dual-use motorcycles compared to other types of motorcycles. These results 
should however be considered in the context of representing registered motorcyclists 
who also happen to ride off-road, rather than being representative of the off-road 
riding population. 
 
                                                 
2 The other possible categories of road type in the survey were:  
 a) roads in cities, towns or suburbs 
 b) 2-way roads and highways in rural areas 
 c) freeways/multi-lane highways in urban areas 
 d) freeways/multi-laned highways in rural areas 
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2.1.1 Summary of key points regarding the off-road riding 
population 
 
A number of key points can be inferred from the above studies. The population of off-
road riders has increased steadily in recent years, with a predominant representation of 
males. While the age distribution of riders from the surveys indicates a peak 
representation among riders aged 15-25 years, riders were also well represented in the 
age groups up until 50 years. While most riders were not frequent participants, there 
were indications of a small dedicated group who ride very frequently. Varied 
motivations and riding types were indicated. Riding was consistently identified as a 
social activity, whether this be riding with friends, family or as part of an organised 
group. These studies directly profiling off-road riders have however focused on 
relatively small geographic locations centred around urban locations and have been 
focused around the recreational use of vehicles. As such, determining the total size of 
the off-road riding population or level of involvement across the wider population has 
not been reported in these studies. There has also been little evidence profiling the 
nature of off-road riders generally or examining the rates of involvement across 
demographic groups or differing types of riding. 
 
2.2 Key groups in off-road injury 
 
Particular sub-groups within the off-road riding population have been noted as 
containing concentrations of injury. Three of these groups are discussed below, 
namely young males, recreational riders and farm-based riders.  
 
2.2.1 Young males 
 
Broad analyses of injury data have indicated that males, in particular those in younger 
age groups are highly represented among off-road riding injuries. A review of 
hospitalised, non-traffic vehicle casualties in New South Wales  between the 1998/99 
and 2006/07 financial years (Chong et al., 2010) identified that 81% of the more than 
37 thousand hospitalisations involved males. Motorcycles and ‘off-road vehicles’ 
constituted over 40% of the total casualties. While data was only presented for the 
broad age groups of 0-14 years, 15-64 years, and greater than 65 years, the rates of 
injury per person-years was substantially lower for the 65+ group. Internationally, 
injury statistics for the United States in 2003 showed that although Motor Vehicle 
Traffic Crashes were the leading cause of death for children and young people aged 4-
24 years, Motor Vehicle Non-traffic Crashes were also represented in the top 10 
causes for the same age groups (Subramanian, 2006). Carr et al (2004) profiled 
patients admitted with neurological injury after ATV crashes in the US state of West 
Virginia over a 10-year period between 1991 and 2000. The vast majority (80%) of 
those in the sample were male, with an average age of only 27 years. A case-control 
study of ATV riders conducted in the US in 1997 by Rodgers and Adler (2001) 
compared interview data between 133 injured riders and 464 controls in the US. The 
age distributions differed substantially between the injured cases and controls, with a 
clear overrepresentation of both riders aged under 15 years of age in the injured 
sample (34% compared to 14% of riders) and male riders (86% compared to 66%). 
This pattern of injury has also been consistent over many years. Maynard and 
Krasnick (1988) in 1988 noted that spinal injury resulting from ATV and trail bike use 
differentially affected young males. Further details of the age and sex distribution of 
injured riders in Australia, the United States and New Zealand are provided in the 
following Chapter presenting crash and injury profiles of riders.  
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2.2.1 Recreational riders 
 
Little information is available regarding sports injuries relating to off-road riding, with 
even less known about recreational injuries. Currently, there is no established method 
of identifying whether an injury incident should be considered recreational or not (C.F. 
Finch, Mahoney, Townsend, & Zazryn, 2003). There has however been indication that 
recreational riders contribute substantially to the total injury burden attributed to off-
road riding. A review of injuries and deaths associated with sports and recreation in 
Victoria identified the recreational use of motorcycles and ATVs as a key contributor. 
Of the total 198 cases identified between July 2001 and June 2003, 52 (26%) were 
related to motorbike riding, including 3 deaths involving a motorcycles and 1 death 
involving an ATV (Gabbe, Finch, Cameron, & Williamson, 2005). Similarly, research 
from the Victorian Injury Surveillance Unit comparing on- and off-road motorcycle 
injuries noted ‘place for recreation’ as the most frequent location where off-road 
injuries occurred. No further details regarding the nature of the injuries or the 
backgrounds of the participants was however presented in these studies. Thus, while 
there is some evidence suggesting recreational riders are a high risk group among off-
road riders, there is a lack of clear evidence elucidating this relationship. 
 
2.2.2 Farm-workers 
 
Farm workers have been noted as being frequently represented among off-road riding 
injuries. An Australia-wide review of 127 ATV fatalities found that 83 (65%) occurred  
in a farm setting, though a third of the casualties with a known activity were not 
engaged in work at the time of the injury (Lower, Temperley, & Fragar, 2010). Having 
said this, less than half of the agricultural related fatalities involved riding directly 
related to work activities. A similar study examining farm-related admissions to 
Tamworth Base Hospital in New South Wales for the 12 month period between 
September 1997 and August 1998 identified motorcycles as the second leading 
external cause of injury behind horses (Franklin & Davies, 2003). Again, it was noted 
that nearly a third of the farm injuries were incurred during recreational activities, with 
only half occurring during activities directly related to work. Specifically relating to 
the geographic scope of the current program of research, researchers at the Queensland 
Injury Surveillance Unit analysed farm injury data for the period January 1998 to 
December 2005 (Shepherd, Barker, Scott, & Hockey, 2006). In this period, 743 cases 
of injury attributed to motorbikes or ATVs on or around farm land (or occurring to an 
agricultural worker) were noted, representing 11% of all farm injuries. Thus, while 
there is evidence to suggest that farm injuries should be considered in an investigation 
of off-road riding injury, further research is required to separately consider the 
physical agricultural context and the purposes of riding.  
 
2.3 Broad crash and injury profiles 
 
This section provides a brief background to the characteristics of the injured off-road 
riding population and highlights some of the key risk factors for injury. As mentioned 
in the background section to this document, research in New South Wales by Chong et 
al. (2010) found a significant increase in the rate of non-traffic motorcycle injury 
between 1998 and 2007. These rates were however age-standardised rates calculated 
on the basis of population estimates, and were not judged against specific exposure 
measures such as miles travelled or time spent participating. The below discussed 
injury sources also suffer from this issue, with no comparable source regarding the 
relative rates of vehicle use within age or gender groups. 
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2.3.1 International injury profile 
 
Statistics on off-road vehicle injury are accessible for countries similar to Australia, 
such as the United States and New Zealand. This section outlines some comparative 
characteristics of the three countries in regards to the demographics of injured persons. 
While the available Australian and U.S. data specifically relate to motorcycle 
hospitalisations in both traffic and non-traffic contexts, the New Zealand data for non-
traffic injuries was only available at the broader level of ‘Other land transport.’ This 
category includes other land-based vehicles such as cars, trucks and buses, though the 
data from Australia suggests motorcycles will be represented highly among this group. 
Figure 2.3 below depicts the age distribution of non-traffic hospital separations for 
each of the three nations.  
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Figure 2.3. Australian, United States and New Zealand motorcycle hospital non-
traffic separations, by age group. 
Sources: (Berry & Harrison, 2007; Centers for Disease Control and Prevention, 2010; Injury Prevention 
Research Unit, 2010) 
 
As can be seen from the above graph, the relative age distributions are quite similar 
across the three countries. The 15-19 years age group was the highest represented for 
non-traffic injuries for Australian and U.S. hospitalisations. The distribution of New 
Zealand injuries peaked earlier in the 10-14 years age group and showed higher 
representation among the age groups 35 years and above (though this may be due in 
part to the inclusion of vehicles other than motorcycles). The proportion of all non-
traffic separations attributable to those over 15 years in each area is shown in the 
below table. 
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Table 2.5. Proportion of all non-traffic separations by broad age group and country 
 
Age group (years) Australia United States New Zealand 
    
 0-14 21.6% 25.1% 20.5% 
    
 15-24 34.6% 37.0% 23.8% 
 25-34 21.2% 18.0% 15.8% 
 35-49 16.8% 15.6% 23.1% 
 50+ 5.8% 4.3% 16.8% 
    
 15+ 78.4% 74.9% 79.5% 
    
 
Sources: (Berry & Harrison, 2007; Centers for Disease Control and Prevention, 2010; 
Injury Prevention Research Unit, 2010) 
 
It is important to note that although paediatric injuries among off-road motorcyclists 
and ATV riders are widely acknowledged as a problem (Committee on Accident and 
Poison Prevention, 2000), such cases do not constitute the majority of injuries. 
Between a fifth and a quarter of all hospitalisations involved a person aged between 0 
and 14 years of age in all areas. While these statistics do not account for relative levels 
of exposure in each age category, they do highlight that research should also examine 
hospitalisations of older adolescent and adult riders. The proportion of motorcycle 
hospitalisations occurring in a non-traffic setting within each age group is shown 
below in Figure 2.4.  
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Figure 2.4. Proportion of motorcycle hospitalisations classified as non-traffic by age 
group, Australia and United States  
Sources: (Berry & Harrison, 2007; Centers for Disease Control and Prevention, 2010) 
 
Two characteristics of the distributions are worth highlighting. Firstly, those 
motorcyclists aged 0-14 years hospitalised for a motorcycle injury were much more 
likely to have been injured in a non-traffic setting. This can presumably be accounted 
for by the fact that in both Australia and the U.S., the legal age of driving 
commencement is above the upper point of these age groups. Secondly, the proportion 
of non-traffic hospitalisations for all age groups above 15 years is substantially higher 
in Australia than it is in the U.S. This may be attributable to a number of reasons, 
including the generally warmer climate of Australia which may facilitate greater use of 
off-road motorcycles. Table 2.6 below details the relative distribution of each gender 
within the non-traffic incidents for the three regions. 
23 
 
 
Table 2.6. Proportion of all non-traffic separations by gender and country 
 
Gender Australia United States New Zealand 
    
Male 92.6% 89.0% 69.7% 
Female 7.4% 11.0% 30.3% 
    
Total 100.0% 100.0% 100.0% 
    
 
Sources: (Berry & Harrison, 2007; Centers for Disease Control and Prevention, 
2010; Injury Prevention Research Unit, 2010) 
 
Males constituted the majority of hospital admissions. As noted before, the New 
Zealand statistics may not align as closely due to differences in the available data’s 
scope. Even with this differing data scope, males are still easily identifiable as 
contributing disproportionately to hospitalisations compared to population. The degree 
to which this gender difference may be accounted for by unequal involvement of each 
gender in the behaviours is not known. The research discussed in the previous chapter 
did however indicate a considerably higher involvement of males in off-road riding. 
 
2.3.2 Spinal Injury 
 
The Australian National Injury Surveillance Unit has published a number of annual 
reports in recent years detailing the characteristics of spinal injuries in Australia. Table 
2.7 below presents the proportion of traumatic motorcycle spinal injuries by traffic 
status. 
 
Table 2.7. Persistent traumatic motorcycle-related spinal injuries by traffic status, 
Australia, 2004/05-2007/08 
 
Year  Traffic Motorcycle % 
Non-traffic 
Motorcycle1 % 
All Spinal 
Injury 
       
2004-05  25 8.9 11 3.9 280
2005-06  26 9.2 12 4.2 284
2006-07  37 13.7 15 5.5 271
2007-08  31 10.9 19 6.7 285
       
Source: (Cripps, 2006, 2007, 2009; Norton, 2010) 
1 - Further spinal injuries are attributable to ATV vehicle use, though they are grouped 
with non-traffic pedestrian injuries in the reports and not listed separately. 
 
Though the annual numbers are small, there is an indication of an increase in the 
proportional contribution of both traffic and non-traffic motorcycle crashes to spinal 
injuries in Australia. 
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2.3.3 Injury profiles 
 
Appendix A provides a listing of the injury profiles from 23 previous studies of off-
road motorcycle or ATV casualties. It is however difficult to directly combine the 
results of these studies as the demographics of the riders and categorisations of injury 
were not consistent. This problem of inconsistent classifications has been noted by 
other researchers in the field (Parkkari et al., 2001). One of the larger studies which 
provides strong evidence for the pattern of injuries among off-road riders was 
conducted in New Zealand and analysed a large sample of 4,199 hospital discharge 
records of ATV and off-road motorcycle casualties (Langley, Marshall, Begg, & 
Reeder, 1995). Just over 40% of all those hospitalised had a limb fracture, with 70% of 
these being to the lower limbs. Intracranial head injuries were also common, being 
present in 21% of all cases. This comparatively high representation of extremity 
injuries, particularly for lower limbs, has been noted in a number of other studies 
(DeLisle, Laberge-Nadeau, & Brown, 1988; Shepherd et al., 2006; Stueland & Zoch, 
1995).  
 
2.3.4 Long-term disability 
 
Injury research often only considers the acute event and the circumstances which 
surround it, underestimating the total cost of motorcycle crashes in terms of ongoing 
disability. Clark and Langley (1995) undertook an examination of a random sample of 
250 insurance claims from both on-road and off-road motorcyclists injured in New 
Zealand in 1988. Lower limb injuries were present in 43% of motorcyclist 
hospitalisations for the year, and this was reflected in terms of disability. Twenty-four 
percent of cases had a mechanical impairment of their knee or leg, while a further 17% 
had an ankle or foot impairment. Amputation of a limb occurred in 6% of all lower leg 
injury cases. Flow-on effects on employment were also noted, with 19% of all 
claimants being unable to continue in their previous employment. More recent 
research assessing long-term disability resulting from lower limb injuries of all causes, 
has likewise noted that motorcycle crashes continue to contribute substantially to 
serious lower limb injuries. The serious impacts on the injured person’s ability to 
return to employment were also reiterated (MacKenzie et al., 2006). 
 
2.3.5 Risks of off-road riding 
 
Relative to on-road riding. Off-road motorcyclists have been identified as 
more likely to sustain injuries of a moderate severity than on-road riders and severe 
injuries are rare. On-road crashes generate considerably more energy than off-road 
crashes, with this having been attributed to greater travelling speeds and collisions 
with other vehicles of a greater mass (Wilson-MacDonald, Sherman, & Mackinnon, 
1987). Coben, Steiner and Owen’s (2001) research comparing on- and off-road 
motorcycle crashes noted that head injuries and serious injury outcomes were more 
common among on-road motorcyclist casualties, with less serious extremity fractures 
more highly represented among off-road casualties. Further research is needed to 
elucidate these differences, particularly if effective countermeasures are to be 
developed. The data analyses covered in Chapters 6 and 7 of this thesis address this 
research gap and provide a detailed comparison of hospital admissions to both off-road 
and on-road riders. 
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Relative to other sports and recreations. Mummery, Schofield and Spence 
(2002) reported on a telephone survey of a representative sample of 1337 adults in 
Queensland regarding sport and recreation participation and injury.  A total of 191 
participants (14.3%) reported being injured at least once. The ten sports with the 
highest rates of injury per thousand participants as reported by Mummery et al. are 
presented below in Table 2.8. 
 
Table 2.8. Estimated participation and injury rates in activities reporting more than 
one sport/recreational related injury, Queensland 
 
 Participation Injury 
Sport  n 
Rate per 
10,000 persons 
 
n 
Rate per 
1,000 participants 
       
Rugby league  24 179.5 14 583.3
Basketball  19 142.1 11 578.9
Martial arts  16 119.7 9 562.5
Netball  34 254.3 11 323.5
Touch football  50 374.0 16 320.0
Equestrian  21 157.1 6 285.7
BMX/motocross  24 179.5 6 250.0
Weightlifting  22 164.5 4 181.8
Gym  93 695.6 16 172.0
Bicycling (competitive)  25 187.0 4 160.0
…  .. ... .. ..
       
 Reproduced from Mummery et al (2002), Table 3. 
 
Unfortunately, the differing activities of motocross and BMX (bicycle motocross) 
riding were grouped together, despite clear differences such as the riding of a 
motorised as opposed to pedal-powered vehicle. These results do however provide an 
indication that although recreational motorcycle riding contributes substantially to 
injury, a number of other sports may pose a greater injury risk. Rugby league, 
basketball, martial arts, netball, touch football and equestrian sport all ranked higher 
on an injury rate per 1,000 participants. These injury rates should be interpreted with 
some caution, as they do not take into account how often or for what length of time 
each person participated in the particular sport or recreation. Colburn and Meyer 
(2003) similarly noted that professional motocross riders had a lower injury rate per 
1000 exposure hours (2.7) than sports such as rugby (18.3), soccer (32), American 
football (59.3) or hockey (66). It should however be noted that they had sampled 
professional riders taking part in organised events with a number of safety controls in 
place. These data contrast with that of Gobbi, Tuy and Panuncialman’s (2004) study of 
professional motocross riders that noted a high rate of injury despite the frequent use 
of safety equipment as varied as helmets, boots, kevlar vests and knee braces. They 
also note the risk of serious injury resulting from motocross crashes, reporting that 5 
out of the 8 riders who suffered spinal injuries were rendered paraplegic. It is thus 
important to not consider off-road riding as a single homogenous activity, but as a 
varied group of activities which may differ substantially in their make-up and risk of 
injury. 
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Fatal injury factors in motorcycling. The different patterns of injury in fatal 
and non-fatal motorcyclist hospital admissions was examined by Ankarath et al 
(2002). They examined 1239 cases, including 74 fatalities and 1,165 other admissions. 
The pattern of injury for fatal and non-fatal casualties is presented below. 
 
Table 2.9. Comparison of Injury Patterns for Fatal and Non-fatal Hospitalised 
Casualties (Ankarath et al., 2002) 
 
  Fatal (N=74)  Non-fatal (N=1165) 
Body region  n % n % 
       
Head and facial injuries   42 56.8   104 8.9 
Chest injuries       24 32.4   192  16.5 
Abdominal injuries       22 29.7   136 11.7 
Spinal injury   21 28.4   108  9.3 
Axial skeletal injuries      72 97.2   1 096  94.1 
Pelvic injuries   20 27.0   134  11.5 
Tibial fracture   3 4.1   345  29.6 
…   .. ..   …  .. 
Crush injury       3 4.1   1  0.0 
Peripheral arterial injury      3 4.1   0  0.0 
       
Source: Ankarath et al. (2002), Table 1 
 
Their data indicates a clear over-representation of head and facial injuries, chest 
injuries, abdominal injuries and spinal injuries among fatal motorcycle casualties. 
Head injuries were particularly overrepresented among the fatal casualties. Taken 
together, they suggest that serious injury to the trunk and head contribute 
disproportionately to fatal injury. Two caveats should be taken into account when 
interpreting these results. Firstly, these analyses consider all motorcyclists, including 
both traffic and non-traffic cases. Secondly, this study only analysed hospital records 
of motorcyclist casualties. As stated in the discussion at the conclusion of the paper, 
nearly 70% of those who die as a result of a head injury do not survive to be admitted 
to hospital. These findings are in line with previous studies which have identified the 
elevated mortality risk of head injury. A review of nearly 50,000 patients from 95 U.S. 
trauma centres showed that the mortality rate for motorcyclists who survived to 
hospital was more than 2.5 times higher for head-injured as opposed to non-head-
injury patients (Gennarelli, Champion, Sacco, Copes, & Alves, 1989). In fact, this 
analysis identified the cause of death in two thirds of all head injured cases to be the 
head injury. 
 
However, differences in specific injury types can also be identified that provide further 
detail. Particularly large variability was noted within the ‘axial skeletal injury’ group, 
with pelvic injuries being present in 27% of fatal cases compared to 12% of non-fatal 
cases. Comparatively, tibial fractures were recorded in 4% of fatal cases compared to 
30% of non-fatal cases. This provides an indication that while lower leg, long-bone 
injuries may contribute to a large number of motorcyclist hospital admissions, they are 
generally not life threatening. It should be kept in mind however that comparatively 
minor injuries to the lower limb may have been under-reported in the fatal cases 
compared to the non-fatal cases. 
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Non-use of protective equipment. In light of the evidence presented in the 
preceding section, the impact of non-use of safety equipment by off-road riders, 
particularly helmets, should be examined. The low usage of helmets, particularly 
among ATV riders was found in a random-sample study phone survey of U.S. 
households with at least one ATV. Of all respondents, 32% reported never wearing a 
helmet. A further 16% responded that they only wore a helmet ‘rarely’ or ‘sometimes’ 
(Rodgers, 1999). The potential protective effect of helmet use is highlighted by 
research conducted by Mullins et al (2007) which reviewed serious injuries from off-
road vehicles in Oregon between 1998 and 2003. Head, neck and face injuries were 
present in 50% of ATV and 42% of 2-wheel motorcycle rider casualties. 
Comparatively, 63% of ATV riders and 29% of motorcycle riders were not wearing 
helmets. While no analyses were presented regarding the relative injury patterns 
between helmeted and unhelmeted injured riders, these results do indicate the scope 
for prevention of head injuries. It should be noted that the observed use of helmets 
among U.S. on-road motorcycle riders was as low as 66% in 2011 (NHTSA, 2012) 
and thus these results may not be directly transferrable to an Australian context. 
Research has also indicated that the use of safety equipment may be especially 
infrequent among farm-based riders due to competing priorities. Pryor and colleagues’ 
(2005) survey of 50 adult farm riders in the United States found that while gloves and 
sun-protection were worn by 76% of the respondents, only 11% reported wearing a 
helmet. 
 
There is some evidence that helmets alone are not a panacea for injury prevention, and 
should be considered along with other protective equipment and behavioural 
countermeasures to maximise rider safety. Gittelman, Pomerantz, Groner and Smith 
(2006) reported on the results of a review of 285 child ATV casualties admitted to 
Ohio trauma centres between 1995 and 2001. Although rates of helmet use were 
generally low at one third and the head was the most commonly injured body region, 
wearing of helmets was not associated with a reduced injury severity score or less 
head/facial injuries. This study is limited in that it only considered casualties resulting 
from crashes, not allowing the identification of those riders who may have been 
uninjured (or less severely injured) and did not require medical treatment. Whether the 
helmets were properly fitted by those injured riders, which is a known moderator of 
the protective ability of a helmet (Yu, Chen, Chiu, & Lin, 2011), was also not 
collected.  
 
At the same time, the Cochrane review of the effect of ‘Helmets for Preventing Injury 
in Motorcycle Riders’ (Liu et al., 2008) found that ‘helmets are effective in reducing 
head injuries in [on-road] motorcyclists who crash by 69% and death by 42%’ (p8). 
This position is likewise supported by Carr et al’s (2004) review of 238 neurologically 
injured ATV riders in the U.S. state of West Virginia. While helmets were worn by 
only 22% of all reviewed injury cases, the injury group with the lowest proportion of 
helmet wearing at just 12% (2/17 cases) were those with ‘severe head injury.’ All 
eight of the in-hospital deaths among the reviewed cases were also in this group, 
highlighting the importance of helmets in preventing the most catastrophic injury 
outcomes among off-road riders. 
 
The impact of non-use of safety equipment other than helmets should also be noted. A 
review of Victorian off-road riding injuries (Victorian Injury Surveillance and Applied 
Research, 1997) found that the legs and arms of riders were the most often injured 
body regions. The reported use of safety equipment such as helmets, gloves, boots and 
pants were all at relatively low rates, with this regularly corresponding to an 
individual’s injury outcome. That is, only a minority of those sustaining foot or leg 
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injuries had been wearing boots (22% usage) or lower leg protection (4% usage). 
 
Inexperience. Riding inexperience has been cited as a contributor to increased 
crash risk and injury. Rodgers and Adler’s (2001) case-control study of ATV injury 
identified a substantially larger low experience group, as defined by riding for a year 
or less, in the injury (21%) as opposed to control group (9%). Levels of training 
among the ATV population are also reportedly minimal, with reports of two-thirds of 
riders teaching themselves to ride. Formal training levels are also low, with 
inconvenience and an existing knowledge of how to ride given as reasons for not 
taking up available training schemes (Rodgers, 1999). One potential reason for an 
over-representation of inexperienced riders in off-road crashes is that there is no basic 
requirement for licensing or training to ride in an off-road setting. Children, teenagers 
and other riders who would not be legally entitled to ride on-road may be free to ride 
in privately owned off-road areas in what can potentially be more challenging 
conditions (Langley et al., 1995). Victorian research (Victorian Injury Surveillance 
and Applied Research, 1997) categorised trail bike riders (including motorcycles, 
ATVs and mini bikes) as generally being inexperienced, riding for recreation and 
riding on rough, slippery terrain. Nearly two thirds of the crashes were noted as being 
due to loss of control, which was suggested by the authors to be related to the 
inexperience of riders. This may however be presumptuous, as research has pointed to 
experienced, on-road riders crashing while attempting to deliberately push the limits of 
their riding ability (Watson, Tunnicliff, White, Schonfeld, & Wishart, 2007). 
 
Vehicle Instability and Unstable Terrain. Off-road riding can potentially 
occur in any number of circumstances, from well-defined tracks to unmaintained 
locations. Inherent vehicle instability is cited as an issue in off-road riding, particularly 
in relation to the use of ATVs and vehicle interactions with uneven terrain. Although 
the speeds associated with off-road riding are known to be generally less than their on-
road counterparts, with a reduced risk of collision, there are inherent risks due to the 
irregular riding areas (Centers for Disease Control and Prevention, 2006). A review of 
farming related injuries in New South Wales found that ATV rollover was a key issue, 
contributing to 43% of fatalities and just over one-fifth of all ATV farm accidents 
(Fragar, Pollock, & Morton, 2006). Similar results were found in an investigation of 
recreational ATV accidents in Canada, with 60% of all such crashes being due to a 
rolling or flipping of the vehicle (Allan, Reid, & Saboe, 1988). Instability as a 
contributing factor to crashes has been brought to light by the substantially higher 
representation of the largely discontinued 3-wheel ATVs among injury statistics 
compared to their proportion among vehicles (Rodgers & Adler, 2001). On a related 
issue, it is not only traditional off-road riding contexts that can affect the safety of 
riders. The use of off-road specific vehicles on bitumen road surfaces has also been 
noted as problematic due to the lack of grip and potential for damage. Despite this, 
Rodgers (1999) found in a survey of ATV riders that about 1 in 10 regularly rode on 
paved, public roads. 
 
Alcohol and drug use. The contribution of alcohol and drug use to on-road 
crashes is widely recognised, but as Beirness (2001) states in relation to snowmobile 
use and alcohol, “…the impaired driving problem does not stop where the road ends” 
(p.359). Some evidence is available from Canada that indicates the increased risk of 
combining alcohol and riding, and the widespread nature of the problem. Indications 
from a Canadian review of alcohol’s contribution to vehicle-related injury showed that 
the rate of alcohol use among off-road vehicle fatalities is considerably higher than 
that for on-road vehicles. In Ontario, for example, 55.9% of off-road vehicle fatalities 
involved alcohol while this was around 36% for trucks, vans, on-road motorcycles and 
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around 32% for other automobiles (Mayhew, Brown, & Simpson, 2008). Canadian 
records of off-road vehicle crashes also indicate that alcohol has been a consistent 
contributor to deaths and injury. Between 2004 and 2008 (the last 5 years of available 
data), approximately 45% (ranging between 38% and 54%) of all off-road vehicle 
deaths with a known alcohol status were identified as alcohol-related. This proportion 
reduces to just over 14% (ranging between 12% and 17%) for the same time period 
when considering serious injuries, indicating the particularly high risk of fatality 
associated with alcohol use (Mayhew, Brown, & Simpson, 2006, 2007; Mayhew et al., 
2008; Mayhew, Brown, & Simpson, 2009, 2010). 
 
Rural and remote riding. Residents of rural and remote areas have been 
frequently identified as having higher rates of injury and disease compared to their 
urban counterparts. This can be put down to a number of reasons including reduced 
access to services and a lower socioeconomic status of residents in these areas. There 
is evidence that age-standardised rates of sports/leisure hospitalisation in NSW for 
2003-04 show an increase with increasing remoteness. The greatest differences were 
in the comparison between the ‘moderately accessible’ and ‘remote/very remote’ 
ARIA (Accessibility/Remoteness Index of Australia) classifications (C. F. Finch & 
Boufous, 2009). Dempsey et al (2005) reviewed recreation-related injuries in the U.S. 
state of Wisconsin and found a similar pattern of evidence. While they identified the 
use of off-road vehicles as among the highest rates of injury per population, their 
results also show that the rate of injury increases with increasing rurality. The rate of 
injury was 1.8 times higher in intermediately rural areas and 3.4 times higher in rural 
as opposed to urban areas. The higher rate of injury is suggested to be attributable to 
less formal infrastructure being available in rural areas for proper operation of sporting 
and recreation (C. F. Finch & Boufous, 2009). Emergency responses to remote or 
inaccessible locations have also been hypothesised as an important issue, particularly 
in cases where riders choose to ride alone for the solitude of the experience. Rescue 
efforts can be particularly hampered by a lack of mobile phone coverage in remote 
locations where off-road riding occurs (Hibbins, 2002).  
 
Recreational vehicle use. Rodgers (1999) nationwide survey of U.S. ATV 
riders identified that recreational use of vehicles dominated. While 75% of vehicles 
were used for non-recreational purposes at least some of the time, this only constituted 
approximately 15% of all vehicles’ total usage time. The recreational, as opposed to 
work-related (e.g.: farming) use of off-road vehicles has been noted as a comparatively 
riskier form of riding. A comparison of off-road vehicle injuries to farm and non-farm 
residents in Wisconsin found that 66% of farm-based incidents were recreation-
related, compared to 96% of all non-farm cases (Stueland & Zoch, 1995). Although a 
substantial proportion of off-road vehicle injuries occur on farming land, it should also 
be considered that these incidents in themselves may not be related to farming. 
Goldcamp et al (2006), in a review of non-fatal ATV injuries to U.S. youths on farms 
found that 58% of all injuries were related to recreational use of the vehicle. This is an 
important distinction to make in terms of intervention design. Recreational, as opposed 
to competitive or sporting use is likewise an important distinction. The Queensland 
Outdoor Recreation Demand Study identified that 91% of trail bike riders did so for 
recreation, with 7% being goal-direction (eg: fitness, skill development) and only the 
remaining 2% preparing for competition (Sport and Recreation Queensland, 2007). 
Gorski et al (2003), in an examination of injuries among motocross riders identified 
that 14% of the cases involved a spinal injury, potentially highlighting the higher risk 
of serious injury among competitive riders.  
  
Summary of risk factors. Despite the known risks of head injuries, the lack of 
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use of safety equipment such as helmets has been particularly noted as contributing to 
increased injury severity. Whether this non-use is specific to farm-based riders 
remains a question to address. Research has also pointed to a lack of riding experience 
and training as a contributor to injury, though this relationship may be speculative 
given currently available evidence. Other evidence regarding the contribution of 
alcohol and drugs to off-road riding crashes and the potentially higher risk of rural 
riders needs to be further examined in light of the minimal available evidence. 
Separating the levels of injury risk associated with farming, recreational or sporting 
use of off-road vehicles was also noted as an issue requiring further attention. 
 
2.3.6 Interventions and countermeasures 
 
There has been a long-term lack of injury prevention countermeasures associated with 
off-road motorcycle, trail bike and mini-bike riding (Victorian Injury Surveillance and 
Applied Research, 1997). The reduced scope of possible interventions has been noted 
more recently by Chong et al (2010), 
 
“Although nontraffic crashes can be expected to benefit from some 
initiatives that reduce traffic crashes (eg, improvements to vehicles 
and protective equipment), not much can be done by way of 
investment in roads, or behaviour modification through enforcement. 
Nonetheless, improved off-road infrastructure and alternative 
behaviour modification techniques could be considered. One of the 
key challenges in this area will be to determine institutional 
responsibility for non-traffic crashes and the increasing burden of 
injury that they represent.” (p.225) 
 
This quote particularly highlights the lack of coordination and commitment from 
government and industry departments to the targeting of off-road injury. This was 
similarly suggested in relation to rural transport injuries in Queensland, where off-road 
crashes currently fall between the responsibilities of several government departments 
such as Queensland Health and the Department of Transport and Main Roads 
(Sheehan et al., 2008). A similar situation exists in Victoria, where the absence of a 
lead authority responsible for directing public policy regarding off-road riding has 
been noted (Cassell, Clapperton, O'Hare, & Congiu, 2006). The following information 
provides a summary of the existing evidence regarding the most appropriate 
intervention strategies to prevent injury among off-road riders.  
 
Broad guidelines. A number of organisations and academics have published 
general guidelines aimed at best practice in reducing off-road motorcycle and ATV 
injury. The Queensland Injury Surveillance Unit (QISU) makes a number of 
suggestions to prevent injury to ATV and motorcycle riders in farm settings such as: 
 
 • Operators should be trained in safe operating procedures. 
• Specifying conditions of operation for ATV use (including speed, “no-go” 
areas, suitable jobs) 
 • No children (under 16) using adult size ATVs. 
 • No passengers on an ATV. 
 • Wearing appropriate clothing, boots (not thongs) and a helmet. 
• Operator training including adopting an active riding style; ATVs require an 
active riding style (transferring the rider’s weight from side to side and 
forwards and backwards to counter balance the ATVs directional mass). 
• In addition we believe legislation should be introduced requiring the use of a 
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helmet whilst using an ATV or motorbike on a farm. 
 Source: Shepherd et al (2006) 
 
The U.S. Committee on Accident and Poison Prevention of the American Academy of 
Pediatrics (1987) likewise has a set of guidelines which, though specifically targeted at 
reducing child injury, are also applicable to riders of all ages. They stipulate: 
 
 • Use of protective gear for the head 
 • No night-time driving 
 • No concurrent use of alcohol 
• No driving with a passenger (doubling – most ATVs are not designed to carry 
more than 1 person) 
 • Should not be used on unfamiliar terrain or on public roadways 
 Source: Committee on Accident and Poison Prevention (1987) 
 
Rural safety researchers in Australia have gone above and beyond the aforementioned 
guidelines by suggesting that the use of ATVs should be eliminated or substitution of 
more appropriate vehicles should occur wherever possible (Fragar & Pollock, 2007). 
 
Moore (2007), in a comprehensive review, used a Haddon matrix approach (systems 
approach) to suggest potential interventions for ATV rollover injury on farms in New 
Zealand. While some of the suggested interventions are specific to ATV safety, a 
number of others have general applicability. 
 
Table 2.10. Proposed levels of intervention for ATV injury, Moore (2007)  
 
Intervention level  Pre-crash  Crash  Post-crash 
       
Regulations  • Warrant of fitness: 
periodic vehicle 
safety checks  
 • Formalise 
investigations 
of crashes. 
 • Requirement for 
in-built alarm / 
beacon system 
  • Licensing of riders     
  • Registration of 
vehicles 
    
Social 
environment 
 • Targeted media 
campaigns 
   • Maintenance of 
contact to identify 
crashes 
Physical 
environment 
 • Prioritise track 
maintenance 
   • Improve 
telecommunications 
for rural areas 
Vehicle  • Improved 
maintenance 
    
Rider  • Young rider 
education 
   • First aid education 
       
1 - (New Zealand Transport Agency, 2005) 
Table 5.20 - Moore (2007) 
 
It is particularly worth noting here that considering a number of levels of possible 
intervention is highlighted as a positive means to both prevent and reduce the impact 
of off-road riding crashes. 
  
Legislation and enforcement. Utilising legislation and enforcement as a means 
to controlling off-road injury has been noted as a potentially difficult task for a number 
of reasons. Despite this, researchers have stated that it may be the last resort given the 
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relative resistance to behaviour change as a result of education and training (Smith et 
al., 2005). The nature of the behaviour itself affects the feasibility of enforcing rules in 
an off-road context. There are often no defined routes of travel or established definite 
means of applying punishments. Coupled with this is the fact that trailbikes are a 
highly mobile form of transport easily able to avoid enforcement (Department of 
Sustainability and Environment, 2005b). This was highlighted by Queensland police in 
regards to the enforcement of new ‘excessive noise’ legislation among off-road riders. 
They reported that riders were able to escape interception by fleeing down small, 
difficult to access paths that were not able to be traversed by police vehicles. 
Additionally, identification of fleeing riders and vehicles is often hampered by helmet-
covered heads and a lack of registration plates fitted to off-road motorcycles (Seifert, 
Briody, Lohrisch, & Pike, 2010). Intermittent ‘spot checks’ of known problem areas 
for illegal riding may however be an effective and feasible option to reduce riding in a 
particular area that has been identified as unsafe (Warda, Klassen, Buchan, & Zierler, 
1998). There have been reports of joint patrols organised between police and 
environmental officers in Victoria (Department of Sustainability and Environment, 
2005a) and a system of cooperation between local council, rangers and police officers 
in Queensland working effectively (Seifert et al., 2010). Ultimately though, the safety 
of riding at any particular location will be an interaction between the environment and 
riding behaviour of individuals. Any consideration of police enforcement should also 
take into account that this would generally only apply to public or state-owned lands 
and not private properties or farms.  
 
Riding behaviour on farms is however covered by Workplace Health and Safety 
legislators. In 2011, the Heads of Workplace Safety Authorities (HWSA) for Australia 
and New Zealand released an industry strategy for reducing fatalities and serious 
injuries resulting from on-farm use of quad bikes (ATVs) (Heads of Workplace Safety 
Authorities, 2011). The strategy consisted of a number of components, though the 
most noticeable in terms of safety regulation were the requirement for all on-farm 
riders to be trained in the use of the vehicle and the mandated use of helmets. The 
compliance regulations stipulate that within two years only trained employees would 
be using quad bikes on farms, to be followed in the next three years by the 
requirement to demonstrate undertaking an approved training course. These 
regulations are currently enforced through the inspection powers of workplace health 
and safety (WH&S) authorities, which include both proactive audits and retrospective 
reviews of incident reports. Enforcement tools available include the informal provision 
of advice, to issuing improvement notices, to launching civil and criminal prosecution 
or suspending the farm’s operations (Safe Work Australia, 2011). A recent review of 
mandatory occupational health and safety management systems (though not specific to 
farming or off-road riding) suggested that such systems are worthwhile in terms of 
promoting a culture of safety and reducing injury rates by a meaningful level (Robson 
et al., 2007). This review also however cast doubts on the ability to enforce 
appropriate behaviours without proper engagement with the industry. Specifically, 
issues such as management not prioritising safety and the increased use of a casual 
workforce were highlighted as factors that may limit the effectiveness of formal 
intervention.  
 
Keenan and Bratton (2004) provide some evidence as to the potential effectiveness of 
legislation changes around off-road riding. They compared injuries resulting from 
ATV crashes in two states, Pennsylvania and North Carolina, which differ in regard to 
regulations for ATVs. Pennsylvania prohibits riders under the age of 10 years and 
requires those under 16 riding on public land to be helmeted and to have completed a 
safety course. All persons, adults and children, are also required to wear a motorcycle 
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helmet. The comparison state of North Carolina has no such regulations. The 
regulations were found to have positive safety outcomes, with injuries showing less 
representation of the younger riders in the 0-5 years of age category and a greater 
proportion of helmet use generally. Helmkamp and colleagues review of ATV injuries 
in the U.S. between 2000 and 2004 was however not so positive in regards to the large 
scale improvements due to state-based intervention (Helmkamp, Furbee, Coben, & 
Tadros, 2008). During this period, ATV injuries increased over and above the 
proportional increase in vehicles used and also outstripped the similar increases in 
motorcycle and bicycle injury. In summary, they stated that “collectively, the 
voluntary safety standards, consumer group recommendations, and state legislation 
appear not to have made any demonstrable difference in reducing the number of ATV 
passengers or in reducing ATV morbidity and mortality” (p.43). The authors suggest 
that more strict measures in terms of legislation and enforcement are needed in regards 
to safety and age limits to counter the resistant younger rider injury increases.  
 
Rollover mitigation. A number of engineering countermeasures have been 
specifically proposed to mitigate the previously discussed instability and rollover risk 
of the traditional four wheel ATV. In particular, passive interventions, such as the 
installation of rollbars and other roll over protection structures (ROPS) or crush 
protection devices (CPDs) have been the subject of recent debate. While this program 
of research does not have a focus on vehicle-based engineering countermeasures, the 
ongoing debate about the effectiveness of these measures should be acknowledged. 
The FCAI along with the manufacturers of ATVs have actively campaigned against 
the use of these measures, on the basis of research published by Dynamic Research 
Inc. (DRI) that found an increased risk of both injury and death as a result of fitting a 
CPD (Zellner, Kebschull, & Van Auken, 2012; Zellner, Kebschull, Van Auken, & 
Broen, 2004). There has been substantial debate between DRI and other researchers as 
to the veracity of their findings (e.g. Rechnitzer, Richardson, & Grzebieta, 2004), with 
a recent group of reports suggesting CPDs are in fact effective injury prevention 
devices (see Lower et al., 2010). The impasse between the manufacturers and those 
advocating for CPDs has been suggested as resolvable through the introduction of a 
new vehicle assessment program to rate ATVs' safety performance similar to the 
existing ANCAP program for cars. Such a system would not require a prescriptivist 
installation of CPDs, would benefit vehicle manufacturers by providing a safety rating 
which could be advertised, and would also inform the purchasers of vehicles about 
their options in regards to safety (Rechnitzer, Grzebieta, McIntosh, & Simmons, 
2013). The alternative higher order intervention would be to encourage the use of 
alternative vehicles, such as side-by-side vehicles which have been shown to be more 
stable than the traditional four-wheel quad bikes (Lower et al., 2010). This would be 
preferential to trying to encourage riders to actively adapt their riding behaviour to 
ATV vehicles which may never be fit-for-purpose (Rechnitzer, Day, Grzebieta, Zou, 
& Richardson, 2003). 
 
 Provision of riding locations. As mentioned in the preceding section, 
enforcement of off-road riding behaviour is a difficult task. Dedicated riding parks 
may provide an opportunity to specify regulations around off-road riding and assist 
with enforcement by allowing targeted monitoring of behaviour to occur (Denning, 
Jennisen, Harland, Ellis, & Buresh, 2013). Denning et al’s (2013) examination of ATV 
injuries occurring within dedicated riding parks in the U.S. state of Iowa identified that 
casualties were three times more likely to have been wearing a helmet at the time of 
the crash and were less likely to have involved the risky activity of riding with an 
ATV pillion passenger. These positive findings were attributed to a greater degree of 
regulation and enforcement. Despite these positive findings, it should however be 
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noted that this study sampled only 48 cases of injury occurring within riding parks and 
did not collect any exposure data that could adequately determine if the rate of injury 
inside parks was less than that for those riding in non-regulated locations. One finding 
from Denning’s study that highlighted a potential negative effect of riding parks was 
the greater proportion of riders injured while undertaking jumps on ATVs. This 
finding is consistent with the Queensland state Coroner’s review of a local riding park, 
which identified deaths occurring as a result of high risk taking and jumps of extreme 
distance (Office of the State Coroner, 2008). While riding parks may thus allow for the 
establishment of basic rules regarding some easily enforceable safety behaviours, they 
may also encourage other risk taking behaviours which counter these positive 
measures. The Coroner questioned the lack of commitment of the park’s operators to 
safety and the proper mitigation of risk, highlighting that the relative safety of each 
individual park may come down to how appropriately it is designed and how 
effectively behaviour is monitored. 
 
Cooperative Regulations. The South East Queensland Trail Bike Management 
Forum (SEQTBMF) published a report in 2003 (SEQTBMF, 2003) which put forward 
three broad types of solutions for management of trail bike riders in the area which 
expand on the complex process of potentially policing the behaviour. These were 
namely: 
 
 1) Regulatory reform - making clear what bodies are responsible for handling 
 specific parts of the trail bike riding issues (such as enforcement), 
 2) Providing places to ride - developing dedicated riding areas targeted to 
 those areas of high demand, and 
 3) Developing frameworks for cooperation, consultation and collaboration - 
 for example focusing on community engagement, education and training, and 
 the provision and seeking of funding to support programs. 
 
These proposed solutions acknowledge the need to balance enforcement measures 
with community engagement and non-punitive strategies such as the development of 
areas. Increasing the involvement of riders in key decision making has been identified 
as a factor that can assist in achieving workable regulations. Seifert et al (2010) 
reported that working with riders and local residents provided good outcomes in 
regards to negotiating riding times and reducing noise complaints. Similar processes 
could be put in place to seek input from riders themselves and potentially increase 
their likelihood of compliance with resulting legislation.  
 
Seasonal scoping. Depending on the location and weather of an area, there are 
often peak seasons associated with greater numbers of off-road riding injuries. The 
efficacy of interventions would be maximised by targeting riders during these peak 
seasons. This effect has been found in a consistently higher representation of off-road 
riding injuries in the warmer, summer months in the United Kingdom (Wilson-
MacDonald et al., 1987) and the United States (Brandenburg, Brown, Archer, & 
Brandt, 2007; Coben et al., 2001; Mullins et al., 2007). As Australia’s climate is not as 
variable and lacks a distinct winter season with wide-spread snowfall, it is likely that 
off-road riding would not be as limited during these colder months. While there is no 
evidence establishing seasonal trends between off-road riding rates and climate in 
Australia, localised issues such as extremes of heat in summer or monsoonal rains 
would be likely to impact on participation and resultant injuries. 
Aside from the impacts of the weather, other seasonal events could also impact 
on the distribution of off-road riding crashes across the year. For instance, Moore’s 
(2007) review of ATV loss-of-control crashes on New Zealand farms showed a peak 
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in incidents in the warmer months, but also noted that these increases corresponded to 
times of peak work such as lambing and calving seasons. Such individual 
circumstances would change across regions, highlighting the value of developing local 
plans for off-road riding injury intervention. 
 
Recreational registration. One potential countermeasure to allow a greater 
level of management of recreational riders is to establish a recreational registration 
scheme. A number of such schemes have been introduced across the United States and 
recently in the Australian state of Victoria (Department of Sustainability and 
Environment, 2005b). Recreational registration also provides a flow-on benefit as a 
possible point of education and information delivery. The licensing process for on-
road motorcycling is accompanied by training in road rules and substantial 
informational paperwork. Off-road riders are not typically provided with a similar 
level of service in explaining appropriate areas to ride or ways to prevent injury. As 
noted in a Victorian government trail bike options paper, “environmental and social 
impacts occur because of the indiscriminate 10% who disregard regulations” 
(Department of Sustainability and Environment, 2005b, p12). It is this deviant group 
that poses a problem for the potential effectiveness of recreational registration, as 
presumably part of the attraction of riding is a freedom from any controlling 
organisation. Longer-term education campaigns aimed at these groups may be 
required to maximise uptake of registration schemes. 
 
Rider training. As little information is available directly on training options for 
off-road motorcycling, it is also worth commenting more generally on the research 
findings of the effects of on-road motorcycle training on crash rates. A recent 
comprehensive review of motorcycle training found that increases in safe riding were 
probably due more so to a reduction in exposure to riding than a direct outcome of the 
training. A focus on understanding of road situations and hazard perception along with 
purely vehicle control elements is particularly noted as being worthwhile. It is also 
recognised that the lack of detailed scientific evidence on motorcycle training and its 
varying characteristics means that it is difficult to make clear conclusions. In fact, 
there has been some evidence to suggest that training programs can even be 
detrimental to safety by increasing confidence of riders in the early stages of riding (N. 
Haworth & Mulvihill, 2005a). 
 
Rodgers’ (1999) review of U.S. ATV riders noted that labelling and warnings by ATV 
manufacturers and dealers regarding the use of adult-size vehicles by children appear 
to have been heeded less by young riders over time. On the other hand, while 
participation in training was still low, there was a tendency for this to be on the 
increase in the ten years leading up to 1997 (Rodgers, 1999). The low level of training 
uptake during this period is particularly notable given that the Consumer Product 
Safety Commission (CPSC) had committed significant funds to establishing a national 
training program offering free training to ATV purchasers (Rechnitzer et al., 2003). 
Australian evidence from a self-report survey of Victorian farm riders (Day et al., 
2006) found that nearly 30% of riders on farms have been trained to ride, though this 
study did not specifically survey levels of formal training. Some courses are available 
for off-road riding training, such as ATV courses aimed at primary producers offered 
by the New South Wales Department of Primary Industries. These courses offer 
general training in handling the vehicle, taking into account the operational hazards 
involved in riding an ATV, as well as specific training for riding techniques on slopes 
and rough terrain (NSW Department of Primary Industries, 2007). As mentioned 
above, undertaking formal training in the use of ATV vehicles for farm-based riding 
will soon be mandated across Australia (Heads of Workplace Safety Authorities, 
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2011). Similar courses focused on both ATV riding and recreational off-road 
motorcycle riding are offered by organisations such as Honda Australia Rider 
Training. These are again primarily focused on vehicle control, though their ATV 
course materials specifically mention extending on these purely practical concerns in 
that “the course provides for the development and assessment of the knowledge, skills 
and attitudes of people wishing to ride ATV's in a correct, safe and responsible 
manner” (Honda Australia Rider Training, 2012). There are thus developing, but 
limited options available for training specific to off-road riding. 
 
Combined programs. The US CPSC enacted a number of changes as part of a 
10-year 'consent decree' in 1988, mostly targeted at ATV manufacturers and retail 
outlets. Their program consisted of stopping the sale of three-wheel ATVs, adding 
labels and warnings to ATVs about child vehicle use and the carrying of passengers, 
providing safety information at the point-of-sale, providing free training to purchasers, 
and dissemination and marketing of safety materials about ATVs (CPSC, 1988). 
While the ATV fatality rate increased after the removal of the consent decree the 
interpretation of this finding is complicated by simultaneously occurring changes to 
data recording methods (CPSC, 2013; Ingle, 2002). The market withdrawal of the 
high-risk three-wheel ATV models was successful, with their representation among all 
ATV fatalities reducing dramatically (CPSC, 2013; Ingle, 2002). On the other hand 
the free training was taken up infrequently (see  the previous ‘Rider training’ section), 
child-use of adult-sized vehicles continued to be near universal, and reported carrying 
of passengers remained at a similar level (Ingle, 2002; Rodgers, 1999). There is thus 
limited evidence that the consent decree had strong effects beyond the vehicle sale 
restrictions. Recent years have however seen a continued decline in the rate of injury 
attributable to ATVs, which has corresponded with a renewed focus by the CPSC in 
partnership with local media agencies to promote the risks of ATV use. Though 
determining the injury reduction effect specifically attributable to the various 
campaigns by the CPSC is difficult, these actions are related with promising outcomes. 
Combined intervention programs put in place in Norway to prevent injury to 
snowmobile riders (considered here as cold-weather climate equivalents to off-road 
motorcycles and ATVs) showed disappointing results overall. Jeppesen and Wisborg 
(2005) report on injuries in Western Finnmark, Norway, an area with 22 times greater 
ownership of snowmobiles compared to the remainder of the country. They found that 
increased helmet use, compulsory training for new riders and expansion of trails for 
riding did not result in a decrease in the number of incidents per vehicle. Likewise, 
Ytterstad & Dahlberg (2005) report on an intervention in arctic Svalbard, which 
included intervention strategies such as: 
 
 - Prevention forums 
 - Alteration of snowmobile routes 
 - Scooter courses in school for 15-year olds 
 - Driving courses for beginners (run in conjunction with tour operators) 
 - Consciousness-raising information brochures, and  
 - Guide-controlled excursions to reduce risk for visitors and tourists 
 
The combination of these elements over time did not however show any noticeable 
effect in reducing injuries. 
 
Media influence. The media can be a valuable tool for injury prevention 
through the dissemination of safety related information. These safety-focused appeals 
to the public exist in a larger context of media and cultural influences which are 
competing both in terms of reaching the intended audience and the messages they are 
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conveying. Public service messages may even be directly contradicted by other 
popular media or counter campaigns. Media messages have been suggested to be most 
successful when they are targeted towards a behaviour that is likely to be reinforced by 
members of the target audience. Hovell et al (2001) notes that media, specifically mass 
media released to a large audience, provides models and rules for behaviour that can 
be particularly persuasive. These models’ can spread their influence in much the same 
way as direct person-to-person interactions by depicting vicarious reinforcement (or 
punishment) associated with behaviours. Framing behaviour change messages in terms 
of the potential benefits has also been identified as an effective means of intervention. 
A key consideration then is if these proposed benefits outweigh the inherent benefits 
associated with participation in the target behaviour. Examples of inherently 
rewarding behaviours given by Hovell et al (2001) include the consumption of alcohol 
and sweet foods. As discussed earlier in regards to riders’ risk perceptions, the risks 
and thrill of off-road riding may be an inherently positive experience for some 
participants (Natalier, 2001). 
 
Summary of interventions. There has been a general lack of coordinated 
interventions to specifically reduce off-road rider injury, with no single, responsible 
government authority addressing the issue. There is substantial general safety 
information known which could be disseminated, with particular agreement on basic 
issues such as the use of helmets and elimination of alcohol or drug affected riding. 
There has however been little implementation of targeted injury prevention efforts for 
off-road riding. The introduction of clear, state-level regulations have been shown to 
be effective in encouraging safer rider behaviour, though traditional methods of 
enforcing legislation through police or other authorities have been noted for their 
impracticality. The establishment of riding parks which have a focus on safety and 
regulation of behaviour are noted as potentially allowing more effective regulation of 
behaviour. Working together with the riding population through schemes which may 
pass on benefits to riders, such as recreational registration, have also been suggested as 
promising alternatives to enforcement. There is however a paucity of evidence as to 
the practicality or effectiveness of such measures in preventing injuries. The current 
literature suggests that injury prevention strategies for off-road riders have been 
largely unimplemented and not evaluated, and that riders have been resistant to those 
interventions which have been used. Taken together, these findings highlight the need 
for new, evidence-based interventions to target those off-road riders most at risk of 
injury. 
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3 Psychosocial basis of off-road riding involvement 
 
The previous two chapters described current research on the characteristics of the off-
road riding population and key groups represented among those injured as a result of 
off-road riding. These studies identified that motivations for involvement in off-road 
riding were varied and that a number of interacting factors determine injury outcomes. 
The current chapter aims to explore in detail some of the psychological basis for 
involvement in off-road riding. A particular focus is given to understanding the 
construct of risk and how this might provide an explanation for the perceptions and 
behaviours of off-road riders. While the riskiness of participation in off-road riding 
has not specifically been the focus of prior research, research has been conducted 
attempting to understand the motivations and psychology behind being involved in 
similar activities including on-road motorcycle riding. The following section reviews 
this body of research. 
 
Risk is a complex construct that includes a number of behaviours and dimensions.  
The current chapter considers two conceptualisations of risky behaviour: the cognitive 
approach; where the focus is on an individual’s conscious decision making, and the 
ecological approach; where the effects of higher-order contexts impact on an 
individual’s decision making (Hovell et al., 2001). The current chapter begins with a 
consideration of the individual trait of sensation seeking and its relationship to risky 
behaviours. Following from this, the concept of domain-specific risk taking is 
discussed, examining the interrelationship between types of risk and the larger context 
in which they occur. Further discussion is given to understanding voluntary risk taking 
by participants of recreational activities and the differences between lay and expert 
perceptions of risk. The chapter finishes by examining other social and familial factors 
which may influence off-road riding behaviours.  
 
3.1 Sensation seeking 
 
One of the major psychological theories related to risk taking is sensation seeking. 
Zuckerman describes sensation seeking as “a trait defined by the seeking of varied, 
novel, complex and intense sensations and experiences and the willingness to take 
physical, social, legal and financial risks for the sake of such experiences” 
(Zuckerman, 1994, p27). The introduction to the manual of the Zuckerman Kuhlman 
Personality Questionnaire describes sensation seeking further as “a general need for 
thrills and excitement, a preference for unpredictable situations and friends and the 
need for change and novelty” (Zuckerman, 2002, p382). While able to be conceived as 
a broad, general trait, sensation seeking has been shown to consist of a number of sub 
factors. The four common, interpretable factors are: 
 
1) thrill and adventure seeking, a desire to engage in outdoor sports and 
recreation activities that are inherently risky or exciting; 
2) experience seeking, focusing on seeking new, unconventional experiences 
or pushing social boundaries; 
3) disinhibition, related to loss of inhibitions and enjoyment of unstructured 
and potentially harmful behaviours (e.g.: excessive drinking or physical and 
sexual pleasure seeking); and 
4) boredom susceptibility, a need to avoid routine or repetitive actions or 
circumstances with the explicit aim of avoiding boredom. 
 
In the context of off-road riding, the thrill and adventure seeking factor of sensation 
seeking is directly specified as ‘I would like to drive or ride on a motorcycle’ is an 
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item on this subscale (Zuckerman, 1971, p51). Sensation seeking measures have been 
frequently identified in injury research as being strongly correlated with increased risk 
taking, and specifically, risky driving (Jonah, 1997; Zuckerman, 1971). Jonah (1997), 
in a review of the relationship between sensation seeking and risky driving found a 
consistent relationship of sensation seeking to behaviours as diverse as speeding, 
reckless driving, driving errors, drink driving, crashes and traffic violations.  
 
Sensation seeking has also been linked with increased involvement in risky sports. 
Higher Zuckerman sensation seeking scores have been shown to correspond to an 
increased preference for and participation in high risk sports including the related 
behaviours of motorcycling and auto racing (Trimpop, Kerr, & Kirkcaldy, 1998). Jack 
and Ronan (1998) surveyed a sample of 166 New Zealand athletes from a variety of 
sports. Those in ‘high-risk’ sports (hang gliding, mountaineering, sky-diving, and 
automobile racing) consistently scored higher on the sensation seeking scale overall 
than those that took part in ‘low-risk’ sports (swimming, running, aerobics, and golf). 
These scale differences were not due solely to differences in the sporting related 
questions of the sensation seeking scale, with a general higher propensity towards risk 
taking across all the subscales. It is however worth noting that within the automobile 
racing group, just under half of the respondents (47%) were classified into the ‘low’ 
sensation seeking group, with the distribution between low, medium and high risk 
sensation seeking for automobile racers being comparable to that of golfers3. A 
significant difference in the expected direction was however found between golfers 
and automobile racers when considering a mean sensation seeking score. It is clear 
then from this finding that not all participants in ‘high risk’ sports also exhibit high 
sensation seeking. 
 
Research has also identified particular characteristics of sporting risk takers compared 
to other risk taking groups. Franques et al (2003) compared opiate-dependent drug 
users and paragliders and found both groups scored more highly on sensation seeking 
than matched control participants. However, there were differences in the types of 
sensation seeking reported by each group. The paragliders scored highest on the 
‘Adventure and thrill seeking’ subscale, while the opiate users scored highest on the 
‘Disinhibition’ subscale. This provides some indication that the expression of 
sensation seeking through a risky sport may be inherently different to other less 
structured, and potentially more harmful behaviours. 
 
3.2 Domain-specific Risk Taking 
 
The unidimensionality of risk taking has been challenged by several researchers who 
argue that it is an over-simplification to consider people as either ‘risk takers’ or ‘risk 
averse’ (Hanoch, Johnson, & Wilke, 2006; Weber, Blais, & Betz, 2002; Zaleskiewicz, 
2001). Instead, they argue that consideration of risk and risk taking are domain 
specific. That is, it would be possible to be risk averse in terms of financial risks but a 
risk taker regarding recreational risks such as off-road motorcycling. Hanoch et al 
(2006) conducted an experiment aimed at investigating these differences among 
groups of individuals hypothesized to have domain-specific risk taking attitudes and 
                                                 
3 Distribution of sensation seeking among automobile racers and golfers from Jack and Ronan (1998). 
 
Group Low SS Med SS High SS 
Automobile racers 47% 25% 28% 
Golfers 50% 29% 21% 
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behaviours. The groups tested were:  
 
1) recreational risk takers (sky-divers, bungee jumpers, hand gliders, scuba 
divers) 
 2) health risk takers (smokers) 
 3) gamblers (‘investment’ risk takers) (casino gamblers) 
 4) investment risk takers (stock trading club members) and 
 5) health seekers (gym members, opposite to the health risk takers) 
 
All participants completed the Domain Specific Risk Taking (DOSPERT) measure 
(Weber et al., 2002) which measures risk taking across ethical, financial, health/safety, 
recreational and social risk domains. The results identified that the group of 
participants hypothesised to be associated with each DOSPERT domain showed a 
significantly higher risk propensity for that activity. Those in the associated group of 
participants also perceived the greatest level of expected benefit in the activity. The 
level of perceived risk was not clearly differentiated on the basis of risk domain. This 
provides some suggestion that benefits in the activity may be of more importance than 
the amount of risk perceived in the activity. To consider this point further, they 
suggest that the relative importance of perceived risk and perceived benefits varies 
depending on the domain of risks. For example, potentially life-threatening risks (eg: 
skydiving) may invoke a more risk-focused decision making process while risks in the 
investment domain may be more benefits-focused if money is available to spend on 
such activities. 
 
Zaleskiewicz (2001) proposes that different risk-taking domains are driven by entirely 
different processes. In their conceptualisation, risk is divided into two distinct 
motivational pathways, stimulating risk taking and instrumental risk taking. 
Stimulating risk is an end to itself with often positive connotations for the risk taker 
while instrumental risk refers to rational, considered risk taking which is generally 
avoided or reduced where possible. A measure of stimulating risk seeking was shown 
to be associated with recreational, gambling and ethical risk taking while instrumental 
risk seeking is strongly associated with investment risk. Thus, it is hypothesised that 
these differing motivations for risk result in certain elements of the task being 
highlighted more or less than others. For instance, those driven to take part in off-road 
riding may focus on the enjoyable sensations in riding while downplaying any 
potential negative injury outcomes which would be highlighted by an instrumental risk 
perspective.  
 
Sitkin & Weingart (1995) similarly acknowledge the effects of circumstance and event 
type on risk taking judgements. They expand on this notion by also taking into account 
the effect of risk-taking experience on future judgements. Though judgements of risk 
are hypothesised to be malleable, they argue that risk taking in a particular domain 
may become entrenched and unchangeable over time as experience begins to dictate 
what are acceptable risks. In this way, a feedback loop is introduced whereby 
continued reaffirming of acceptability of the risk taking behaviour occurs with each 
new occasion of a positive experience of the behaviour. A large shift in perception, 
potentially through a serious negative outcome event, will thus be required to 
influence the risk taking behaviour noticeably. 
 
41 
 
3.3 Reconciling individual risk taking and domain specific risk taking 
 
So far this section has covered two broad types of risk taking conceptualisations, 
individual difference perspectives such as Zuckerman’s sensation seeking theory and 
domain specific perspectives which acknowledge that risk taking is inconsistent, 
situation dependent and changes depending on the way it is framed and perceived. 
Research has established both a clear link between risk taking and global measures of 
sensation seeking, as well as identifying that measures of risk vary across different 
domains within an individual. It is possible however to conceptually consider risk 
taking as a situation-dependent behaviour while still being able to incorporate 
individual, trait consistent behaviour. If one continually bases decision making on a 
stable level of risk acceptance while evaluating situation dependent risk perception 
levels against this stable level, both theoretical perspectives can be combined together.  
 
As illustrated in Figure 3.1 below, Person 1 is generally a risk seeker with a high 
critical acceptance of risk, while Person 2 has a much lower cut-off of perceived risk 
acceptance. They are however well-informed (or believe themselves to be) about 
career and financial risks and rate these risks below their consistent cut-off level. This 
conceptualisation allows Person 1 to rate some behaviours as being very risky and 
some as very low-risk while still being able to take part in all facets of risk-taking.  
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Figure 3.1. Situation dependent risk taking and individual risk acceptance 
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3.4 Edgework and voluntary risk taking 
 
Voluntary risk taking is a concept closely related to sensation seeking, in which 
“…participants understand the risk-taking to be informed, relative and acceptable. 
They assert their right to take responsibility for it, and claim to do so” (Larkin & 
Griffiths, 2004, p228). Thus, while it may seem illogical to deliberately put one’s self 
at risk, there is a rationalisation of understanding the degree of risk and an acceptance 
of responsibility in the event that a negative consequence does eventuate. 
 
There may be a contradiction between a movement towards greater safety and an 
increase in participation in potentially dangerous sports, such as motocross or sky-
diving (Lyng, 1990). Voluntary risk-taking has at its core the experience of taking part 
in the behaviour, without necessarily being goal-oriented. Voluntary risk-taking may 
be motivated by any number of reasons. Lyng (1990) suggests two major pathways, a 
personality predisposition or an intrinsic motivation. The first pathway suggests that 
there are two distinct streams of personality, such that people either value high-risk 
experiences or actively avoid them. There has traditionally been a focus in risk-taking 
literature which considers costs to be related to the possibility of injury and benefits to 
be related to a health intervention which reduces the possibility of injury. However, 
one must also consider the possibility that people may perceive inherent benefits in 
taking part in a risky activity that influence the decision to be involved initially (F. P. 
McKenna & Horswill, 2006). Even if the benefits a participant perceives in a high-risk 
activity are not easily quantifiable, this does not necessarily mean that the risks taken 
are foolhardy or not rationally balanced in terms of a cost-benefit ratio. As Starr, 
Rudman, & Whipple (1976) put it, “when individuals have ‘voluntarily’ taken risks for 
personal pleasure or profit, they appear to be willing to accept relatively high risks in 
return for rather modest quantifiable benefits” (p629). Thus, research should consider 
the benefits to be gained from the behaviour not through the eyes of an outsider but 
through the participant’s eyes. The lack of an identified causal pathway for this 
explanation is however an issue. Secondly, the intrinsic motivation may have to do 
with needs as diverse as fulfilling a need for arousal, developing control over the 
environment, reducing tension or even self-destructive behaviour as a means to 
counter depression. One such example described in Larkin and Griffith’s (2004) 
examination of the skydiving community notes how taking part in the voluntary risk 
has the additional benefit of participants being ‘granted access to an identity.’ 
 
Through this process, people are able to develop in-grained responses to events that 
would otherwise be considered dangerous. In this context, an accident may not be 
perceived as highlighting the risk in the behaviour itself but rather that the person 
involved doesn’t ‘have what it takes’ in terms of skill or competency. In this sense, 
one’s own behaviour is compared to those who do not follow best practice or take 
precautions, which in turn may work as a means to understanding and reducing the 
perception of one’s own personal risk. The concept of edgework “shifts the focus of 
risk-taking away from fear, arousal and preoccupation with death and toward the 
spontaneous, anarchic, impulsive character of the experience” (Lyng, 1990, p864). 
Lupton and Tulloch (2002) point out that taking risks today is typically construed as 
being  “foolhardy, careless, irresponsible, and even deviant” (Lupton & Tulloch, 2002, 
p114). Conversely, it is argued that risks that may seem extreme to one person may 
not be from another’s perspective. 
 
McKenna and Horswill (2006) conducted a number of experiments regarding 
acceptance of driving risk which provide some explanation for seemingly irrational 
decision making. In their first study, they used judgements of preferred driving speed 
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in video scenarios as the dependent variable. A measure of thrill accounted for 
variance over and above that of accident worry, as did a self-rated measure of skill. 
Their second study used responses to a risky speeding questionnaire and a driving 
violations questionnaire as the dependent variables; with the predictors being accident 
worry, legal constraints, mood, passengers, journey time, economics (fuel economy / 
wear and tear) and thrill. Although the model was able to significantly predict the risk-
taking measures, accident worry was the poorest predictor. Legal constraints (eg: 
being able to drive faster if no police presence) and journey time (eg: speeding if 
running late for a meeting) were the strongest of the predictors. This suggests that 
there are a lot of competing demands driving why people are involved in risky 
behaviours, with concern over involvement in an accident often being a lesser priority. 
As McKenna and Horswill (2006) summarise,  
 
“…there is a threshold below which perceived vulnerability to 
accident involvement has no effect on risk taking. It is only 
when perceived vulnerability is raised above this threshold 
that concern about accident involvement begins to influence 
risk taking.” (p168). 
 
3.5 Lay vs. Expert Risk Perception 
 
In any discussion of injury risk, it is worth considering that experts’ perceptions may 
differ substantially from those of laypersons. While researchers and policy makers 
may focus on statistics and formal constructs of risk in assessing motorcycling safety, 
the rider themselves may draw on personal experiences that fit their own internally 
consistent narratives (Natalier, 2001). Bellaby and Lawrenson (2001) outline four 
distinctive methods of interpreting the level of risk in a behaviour. These are: 
 
1) real risk, which will only be known in the future once all knowledge 
regarding the event comes to light 
2) statistical risk, judged on the basis of empirical data such as in a research or 
insurance context 
3) predicted risk, as known from the study of historical information, and 
finally, 
4) perceived risk, as seen from the perspective of the individual, which may 
not necessarily agree with the conclusions reached by any of the other three 
perspectives. 
 
They apply these four risk interpretations to highlight the substantial differences in the 
way risk is constructed for the road safety expert who considers motorcycle riding as 
an unacceptable risk, and motorcyclists themselves who consider riders at the mercy 
of a car-dominated driving environment. They particularly draw attention to the 
emphasis given by motorcyclists to vehicle control skill and ‘road craft’ as a method to 
overcoming the inherent risks of riding. Road craft is explained by riders to encompass 
rules of thumb such as ‘ride within your limits,’ developing a ‘harmony of person and 
machine’ and an expectation that third parties will act to directly put a rider at risk of 
crashing.  
 
One example of lay versus expert risk perception that is put forward by McKenna and 
Horswill (2006) is the difference in consideration of long-term or even life-time risk. 
While the risk of injury may be relatively low at each instance of taking part in an 
activity such as motorcycling, the risk of crashing increases rapidly with on-going 
exposure. Researchers and experts focus on these increases in risk over time while lay 
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riders may be more likely to consider the immediate event. Although this is an 
extreme example considering a long time frame, it highlights how perceptions can 
differ markedly while both appearing valid to each perspective.  
 
3.6 Social and familial factors 
 
Social structures have been shown to have the ability, either as informal enforcement 
of rules, or as an informal social norm or rebuke, to be very effective influencers of 
behaviour (Cohen et al., 2000). As mentioned in the introduction to this section, 
Reeder et al’s (1997) study of New Zealand adolescents showed a strong relationship 
between motorcycle use as a child, as defined by knowing how to ride at 13 years and 
riding on-road illegally at 15 years, and subsequent later riding at 18 years of age. 
Data reported in a related paper (Reeder, Chalmers, & Langley, 1996) likewise notes 
that initial training on how to ride a motorcycle was infrequently carried out by a 
professional (19% of licensed riders and only 4% of unlicensed riders), and much 
more frequently by a family member (37%) or a male friend (44%). Additional 
research published from this longitudinal study identified that in total, 87% of those 
riding at age 18 years had two or more friends who also rode motorcycles. In terms of 
the family context, 54% of those surveyed reported a family member who also rode a 
motorcycle. While these findings do suggest that modelling by family members to ride 
a motorcycle at an early age may be a significant predictor of later use, it also suggests 
that the influence of peers and an extended social network encouraging of riding are of 
particular importance in maintaining this behaviour beyond these early stages.  
 
3.7 Vehicle use and masculinity 
 
Motorcycling is typically dominated by male participants. The Australian Bureau of 
Statistics (2008b) estimates that male riders accounted for 87% of all motorcycle 
kilometres travelled on-road in Australia in 2007. Although detailed comparison 
figures are not readily available for off-road riding, the data presented earlier in this 
document (see section 2.1 Population of off-road riders) indicates a similar high 
involvement of males. Given the predominance of males in motorcycling, it is worth 
considering the importance of motor vehicles, and motorcycles in particular, to 
defining masculinity. Williams and Sheehan (2005) constructed the Doing Masculinity 
Composite Scale, a scale of ratings for a set of 12 items thought to be related to typical 
male behaviours. A factor analysis of adolescent students’ responses to the scale 
showed that the items: ‘have a car’ and ‘be able to drive’ were statements with the 
highest loadings on a factor which was interpreted as ‘legal behaviours.’ These items 
loaded higher on this factor than items such as ‘having a place to live’, ‘get money’, 
and ‘be tough and fight,’ reinforcing the particular importance of driving and car 
ownership to defining masculinity. Pigot (1996) notes that while a number of 
‘traditional’ expressions of masculinity have become less defining of men across the 
20th century, images of the motorcycle have been persistently male. It is suggested 
that the reasons for this lie partially in the fact that ‘man and machine’ have 
continually been linked in a historical context, with the motorcycle being a strong, 
outwardly visible sign of mechanical power that men can bond together over. 
 
This poses the question of whether motorcycle use is a specific expression of 
masculinity or simply a part of a broader expression of masculinity associated with the 
mechanical skills and driving. As Walker (1998) notes, the association of maleness 
with driving and vehicle technology is almost certainly a contributor to the high 
involvement of males in road crashes. A true bond with the vehicle is highlighted as a 
particular male characteristic that women are largely excluded from forming. As 
45 
 
reported in the section on Social and Familial Factors above, initial training to ride a 
motorcycle has been found to be often provided by a family member or friend. 
Relevant to this current discussion of masculinity is that 96% of these social contacts 
providing initial motorcycle rider training are male (Reeder et al., 1996). Walker 
(1998) likewise reports in a survey of car enthusiasts in Sydney of several cases of 
following in a father’s footsteps to become interested in a mechanical trade or cars 
generally. Also, the linkage between liking a particular brand or type of vehicle (in this 
instance, Ford cars) was acknowledged as flowing through families, particularly from 
one’s father.  
 
3.8 Summary of psychosocial basis for riding 
 
The current chapter has provided a summary of some of the key psychological factors 
influencing off-road riding. A particular focus was given to consideration of risk 
taking and how this may be affected by both individual and contextual influences. 
While there is some evidence to suggest that some of those who participate in 
activities like off-road riding are high sensation seekers, research has also identified 
that this may only be a minority of the total population of those involved. Research has 
also highlighted that those taking part in high-risk sports are not motivated by reckless, 
disinhibited behaviour but rather seek the thrill of the activity itself. The interaction 
between decisions to take risks and the types of risk was also discussed. Research has 
clearly identified that risk taking varies dependent on the domain of risk and the 
motivations of the individual for taking risks. The variability in interpretation of risks 
between participants in an activity and outsider, non-participants such as researchers 
was also acknowledged. This highlighted the potential for participants to perceive 
lower risk in an activity compared to those taking a statistical or research approach to 
risk.  Finally, the particular influence of family members and males in promoting off-
road riding and how it is undertaken was highlighted. 
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4 Overview of Studies and Research Questions 
 
The current program of research aims to examine and describe the characteristics of 
off-road riders and their injuries to develop recommendations for injury prevention. 
The core aim of the current research is thus to understand off-road riding, the 
participating riders, and their injuries as a means to informing recommendations. To 
this end, this program of research has as its thesis that a comprehensive, theoretical 
evidence base regarding off-road riding and injury can be applied to prevent injury to 
off-road riders. The preceding literature review has identified a number of unanswered 
questions that would further the understanding of off-road riding.  
 
4.1 Rider population 
 
Existing evidence on off-road riders indicates a growing group of riders, with 
significant variation in those participating in the activity. Off-road riders were typified 
as being predominantly male, with varying motivations for participation ranging from 
casual recreation to adrenaline seeking. The social nature of off-road riding was also 
consistently highlighted. The existing studies profiling the off-road riding population 
in general have mainly been focused on targeted geographic locations and recreational 
vehicle use. There is a lack of evidence regarding the extent of the off-road riding 
population generally across a larger scale or how rates of involvement in off-road 
riding may vary depending on location or types of riding. 
 
4.2 Injuries 
 
Available hospitalisation data and injury reports have noted the significant number of 
injuries attributable to off-road riding, though these numbers have largely been 
presented in isolation, without being interpreted in terms of exposure information. 
When attempts have been made to present exposure information, these have been non-
specific, population-based measures. Determining the exposure adjusted trend in off-
road riding injuries and how the demographic distribution of riders relates to injury 
patterns remain questions to be addressed. 
 
The literature review identified a number of groups of riders and risk factors which 
increase the risk of off-road riding injury. The injury contribution of the three rider 
groups of young males, recreational riders and farm based riders has been identified. 
Questions remain to be addressed regarding the characteristics of injured recreational 
off-road riders and the balance of recreational and work riding purposes when 
considering farm-based riding injury. Despite the known risks of head injuries, the 
failure to use safety equipment such as helmets was consistently noted among injured 
riders. Whether this non-use is specific to farm-based riders remains a question to 
address. Research has also pointed to a lack of riding experience and training as a 
contributor to injury, though this was noted as being potentially speculative in light of 
minimal evidence. Similarly, the contribution of alcohol and drugs to off-road riding 
crashes and the potentially higher risk of injury for rural riders also require further 
evidence. Separating the levels of injury risk associated with farming, recreational or 
sporting use of off-road vehicles was also noted as an issue requiring further attention. 
 
4.3 Psychosocial basis of off-road riding 
 
Research has examined psychological constructs such as risk perception and domain 
specific risk taking, and noted the relationships between these constructs and 
behaviours similar to off-road riding. Describing the risk-taking profile of off-road 
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riders is however a noted gap in published literature. In particular, further work is 
required to determine the types of risks engaged in by off-road riders and whether a 
universally high level of risk taking characterises off-road riders. Additionally, more 
work with off-road riders is required to present a participant perspective on risk taking 
to inform formal epidemiological studies. While research has also highlighted the 
social nature of off-road riding and the importance of interactions between family 
members in encouraging and potentially discouraging off-road riding, there is little 
available evidence as to how these and other social interactions may directly impact on 
safety. From an ecological viewpoint, further evidence needs to be collected 
concerning the cognitive, emotional and behavioural interactions between riders and 
these groups (McIntosh et al., 2008). 
 
4.4 Interventions 
 
There is a general lack of evidence regarding targeted interventions for off-road riders, 
though there are indications that certain strategies such as targeted enforcement, basic 
legislative changes, the installation of CPDs or vehicle substitution in the case of 
ATVs, and provision of riding locations may be effective in reducing injuries. There 
are a number of strategies for which there exists suggestive support, though not 
necessarily supported by empirical evidence or specifically in regards to off-road 
riding. These include cooperative regulations developed with riders, the provision of 
training or rider registration, and the influence of the media. There currently exists 
little evidence regarding the level of exposure of off-road riders to these types of 
intervention or their potential reach across the varying segments of the riding 
population. 
 
4.5 Overview of Studies 
 
Five complementary studies using a number of data sources provide information in 
order to address the above outlined issues. These studies are namely: 
 
- Study 1:  Interviews and focus groups conducted with off-road riders 
- Study 2:  Analysis of Queensland-wide hospital admissions data 
- Study 3:  Analysis of injury and interview data from the Rural and Remote 
Road Safety Study 
- Study 4: Analysis of population data from a state-wide survey panel 
- Study 5: A questionnaire survey of off-road riders 
 
Together these studies aim to provide a background, participant perspective on off-
road riding (Study 1), a profile of injured off-road riders and the injuries they 
experience (Studies 2, 3 and 5) and a profile of the population of off-road riders 
(Studies 4 and 5). Interviews with off-road riders form the first study, with this data 
providing background information from a rider perspective. The literature review 
noted that the perspective of off-road riders as participants in the activity is likely to 
differ substantially from that of outsiders such as researchers. The study focuses on 
collecting data regarding the nature of off-road riding, motivations for riding, 
perceptions regarding safety and other social and psychological factors contributing to 
the context in which off-road riding occurs.  
 
Studies 2 and 3 involve analysing two secondary data sources regarding motorcycle 
injuries. Study 2 presents an analysis of Queensland-wide hospital admissions using 
the minimal administrative data collected by hospitals and other medical facilities 
across the state. Study 3 analyses injury and interview data regarding serious 
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motorcycle injuries collected in a study of rural and remote vehicle crashes in the 
northern region of the state. Together these studies provide a profile of the 
circumstances and person characteristics of those injured while riding off-road. The 
two studies are complementary, with the Study 2 data facilitating the identification of 
general characteristics in the whole population of hospital admitted off-road riders and 
Study 3 data allowing a more detailed examination of injury-related factors. 
 
Study 4 reports on basic demographic information collected from participants of a 
research panel drawn from across the state including an indication of whether they had 
ridden off-road in the previous 12 months. As such, this study is able to provide both 
an estimate of the total number of riders within Queensland and a comparison of the 
characteristics of off-road riders to the non-riding population. 
 
Study 5 is a survey which further profiles those off-road riders identified through the 
research panel in Study 4. This questionnaire instrument collects more detailed data 
regarding riders’ purposes of ridings, locations of riding, psychological characteristics, 
risk taking profiles, social interactions and injury experience. Unlike the previous 
studies, Study 5 collects data on both injured and non-injured riders. This facilitates 
identification of factors that are related to self-report of injury, which can be 
interpreted along with the findings of the injury analyses conducted as part of Studies 
2 and 3. Finally, the findings from these five studies are brought together to make 
recommendations about how best to guide off-road rider injury prevention. The 
identification of common findings across the studies is given a particular priority in 
assessing the appropriateness of injury prevention strategies.   
 
The data collected through the focus groups targets multiple levels of the ecological 
model used in the current study (see Figure 1.1 presented earlier), ranging from 
individual behavioural and psychological factors, interactions with other riders and 
social groups (micro- and meso- systems), the effect of the media, legislation, and 
enforcement (exosystem); and the prevailing culture of off-road riders (macrosystem).  
 
The data analyses presented in Studies 2 and 3 have a focus on describing the 
individual characteristics of those injured as a result of off-road riding. Local 
contextual influences (micro- and mesosystems) such as physical riding locations and 
activities undertaken while riding are included in analysis of both data sources. The 
administrative hospitalisation data provides opportunity for limited discussion of the 
more distal influences through analysis of the distribution of injuries by remoteness 
(exo/macrosystem), and the context of a growing usage of off-road vehicles 
(macrosystem). The specific rural data allows for further exploration of both 
immediate social influences such as employment and education (micro- and 
mesosystems) as well as past interactions with enforcement (exosystem). 
 
Study 4’s primary contribution is to understanding how individual characteristics 
differ between the microsystems of those who take part in off-road riding versus those 
who do not. An opportunity is also provided to consider the distribution of riders in the 
general population by remoteness region (exo/macrosystem). 
 
Study 5 allows for the targeted collection of a much broader range of ecological data 
in addition to profiling the individual psychological and risk-taking characteristics of 
riders. Particularly, a focus is given to describing the degree of interaction with family 
members and other social groups within the micro- and mesosytems, and how these 
influences affect riding safety. The physical context for these relationships is 
discussed, along with the impact of media messages and enforcement (exosystem) on 
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riders. The relationship of self-reported injury to each of these social influences is also 
discussed. 
 
4.6 Research Questions 
 
The current program of research is guided by a number of key research questions. 
These are based on a social-ecological conceptualisation of behaviour described in the 
introductory scoping section of this document. Ecological models predict behaviour as 
arising from not only immediate influences, but also the larger, nested context in 
which these influences exist. Thus the current research starts from the viewpoint that 
off-road riding behaviours are influenced not only by the individual rider’s own 
characteristics but also by immediate contextual factors such as family interactions 
and higher-level factors such as legislation and the media. An example of the grouping 
of these potentially influential persons and contexts are shown on Figure 4.2 below 
depicting how these nested levels act together on an individual’s behaviour and 
cognitions. Using this ecological conceptualisation, the research questions for this 
program of research build on one another to contribute to the development of 
recommendations for guiding injury prevention for off-road riders. 
 
 
 
 
 
Figure 4.1. Model of how nested levels of ecological influences affect an individual 
rider 
 
50 
 
While isolated research studies have noted a significant proportion of the population 
involved in off-road riding, these studies have focused on relatively limited geographic 
areas such as south-east Queensland. Likewise, data has identified increasing sales of 
off-road motorcycles, but few details have been available regarding the population of 
riders using these vehicles. There thus exists a need to collect further evidence that 
could be used to ascertain the overall extent of the off-road riding population and how 
this involvement may vary by region or population. Therefore, the first research 
question for this program of research is: 
 
RQ1.  Are off-road riders a significant sub-group of the general 
population? 
 
This research question will primarily be addressed by Study 4, the off-road rider 
population profile, which analyses demographic survey panel data including both off-
road riders and non-riders from across the study area.  
 
Previous injury surveillance reports have also suggested an increasing number of 
injured off-road riders. Establishing that the extent and severity of this injury burden is 
substantial is an important justification for the development of injury prevention 
programs for off-road riders. Following from the previous research question, it is also 
important to establish how the extent of injury may be related to exposure factors such 
as the number of riders or frequency of riding. Past research has largely presented 
these figures in isolation, without any indication of levels of involvement or relative 
exposure. The second research question to be addressed is therefore: 
 
RQ2. Is there a significant injury burden attributable to off-road 
riding? 
 
This research question will be primarily addressed through Study 2 and 3’s analyses of 
hospitalisation data, though Studies 4 and 5 will provide data to assist with the 
interpretation of these findings. While previous research has identified significant 
variation within the characteristics of the off-road riding population, some consistent 
factors have been highlighted. These have included the predominance of male riders, 
the generally social nature of the behaviour, and the influence of family members. A 
higher level of sensation seeking and propensity to take risks has also been suggested 
to exist among motorcycle riders. Relatively little is however known about the social 
demographic characteristics of individual riders or the risk taking profiles of off-road 
riders generally. Additionally, there is limited evidence regarding what consistencies 
exist in terms of broader social interactions or higher order societal influences such as 
the media or enforcement. Thus, the following two research questions need to be 
answered: 
 
RQ3a. What are the common individual characteristics and 
behaviours of off-road riders? 
RQ3b. What are the common ecological, contextual influences on 
off-road riders? 
 
These research questions will be primarily addressed through the responses to specific 
questions regarding psychological, social and contextual influences in the survey of 
riders forming Study 5. This information will be supplemented by the responses of 
participants in Study 1’s rider interviews and the rider profile details provided by 
Study 4’s research panel analyses.  
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Previous research has identified that particular characteristics and behaviours of 
individual riders are either highly represented among those injured or are associated 
with a greater risk of injury. While certain consistent factors have been identified 
across injury studies such as being young and male, having a higher propensity to take 
risks, or not using helmets, further evidence specific to off-road riding is required. 
Additionally, further information on the similarities and differences between the 
characteristics of injured and uninjured riders is required. The next research question 
to be addressed is therefore: 
 
RQ4. Can individual characteristics and behaviours of off-road 
riders be identified that are associated with a higher injury risk or 
high number of injuries? 
 
While this research question will be primarily addressed through Study 2 and 3’s 
hospitalisation analyses and comparisons between injured and non-injured riders in 
Study 5’s survey of riders, Study 1’s rider interviews also aims to provide insight into 
the nature of injury circumstances. This research question targets the person level of 
the ecological model to initially identify what risk factors can be identified in 
individual riders. At this level of analysis consideration is only given to the 
demographic and psychological characteristics of the rider, and their specific, 
observable behaviours. That is, helmet use is a specific behaviour, while riding for 
work purposes may entail several behaviours within a context. The following research 
questions address the higher level contextual influences on individual behaviour and 
injury. 
 
Little consideration has been given to the relationship between the number and types 
of injuries and the various contexts of off-road riding. Following from the ecological 
model, ‘context’ in this sense does not refer only to the immediate role of the riding 
activity itself. Instead, the conceptualisation of off-road riding used in this thesis 
considers that an individual’s behaviour is influenced by their roles, locations, 
interactions with individuals and groups, and greater societal influences. Previous 
research has noted that some purposes and locations of riding, such as riding for 
recreation or riding in rural locations, have an elevated likelihood of injury.  
 
Social interactions are also recognised as a key part of ecological models of behaviour. 
Previous research has identified that groups of off-road riders tend to ride with 
particular others, such as family, friends or co-workers, with varying levels of 
organisation and commitment. Family members have also been specifically noted for 
their key role in encouraging initial involvement in off-road riding. The current 
program of research focuses on determining the potential that key persons like family, 
friends, co-workers and other off-road riders have to influence the safety of riding. It is 
also assumed given the varying contexts of off-road riding, that particular groups of 
influential persons will have a differential impact on certain types of riders. The next 
two research questions to be addressed are therefore: 
 
RQ5. Can ecological contexts in which off-road riding occurs be 
identified as having a higher injury risk or high number of 
injuries? 
 
RQ5a. Does the influence of certain key persons vary in relation to 
these identified contexts? 
 
As for Research Question 4, these two questions will be informed by Study 1’s rider 
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interviews, the hospitalisation analyses of Studies 2 and 3 and in particular Study 5’s 
survey of riders which allows for a greater scope of questioning regarding contexts of 
riding and social interactions. 
 
The current program of research also aims to identify common factors among 
individual riders in particular contexts which could in turn be used to direct 
intervention efforts. Particular ages and gender groups have been noted as riding 
within certain contexts, and there has been some evidence to suggest that the use of 
helmets and other safety equipment may be particularly related to riding in agricultural 
or other work contexts. One set of individual factors also specifically considered by 
the current research is riders’ propensity to take risks and their perceptions of risk. 
There is a well-established relationship between measures of risk and injury outcomes 
for many behaviours. The current program of research aims to add to the 
understanding of risk-taking and perceptions of risk, within the specific context of off-
road riding. As outlined in the literature review, research has suggested that risk taking 
and risk perception are complex constructs influenced by contextual factors. A key 
aim of this research is not only to determine whether off-road riders are risk seekers or 
risk averse, but to also identify the types of risk taking which characterise certain 
contexts of riding. It is hoped that by generating these profiles of riders’ risk-taking, 
insight will be provided as to how best to intervene with particular types of riders. The 
next research question to be addressed is thus: 
 
RQ5b. Are there common individual characteristics and 
behaviours of off-road riders associated with these identified 
contexts? 
 
This research question will again be informed primarily by Study 5’s survey of riders. 
 
Finally, the underlying assumption of this program of research is that injury 
prevention recommendations can be made targeting off-road riders. The findings from 
studies addressing each of the above research aims will be collated to provide an 
overall framework outlining key target groups and evidence-based strategies for 
preventing injuries to off-road riders. While some of the higher level contextual 
influences such as culture and legislation are difficult or impossible to measure except 
through an individual’s experiences, it is important to remember that interventions can 
be targeted at any of these ecological levels even though their effectiveness can only 
be measured at an individual level. The final research question is thus: 
 
RQ6. Can recommendations for preventing off-road riding injuries 
be developed targeting particular individual factors and ecological 
contexts? 
 
4.7 Chapter Summary 
 
This chapter has provided an overview of the unanswered questions raised by the 
literature, and outlines a number of research questions targeted towards addressing this 
need. Each of these research questions is informed by evidence from the five discrete 
research studies. A model of the relationship between the research questions and 
studies, and their contribution to the final recommendations is shown below in Figure 
4.2. 
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Figure 4.2. Overview of contribution of studies 
 
The first two research questions are related to quantifying that there is both a 
substantial population of off-road riders and a substantial injury burden attributable to 
this population that is in need of addressing with injury prevention interventions. In 
the next two research questions, attention is turned to outlining the common 
characteristics, behaviours and contextual influences of off-road riders. Following this, 
the next research question concerns the identification of individual characteristics 
associated with a high number of injuries or risk of injury.  
 
The research design then seeks to identify the social ecological contexts that are 
associated with a higher risk or representation of injury. This is followed by two 
related research questions. The first seeks to describe the differences in social 
interactions between these contexts. That is, do the riskiest contexts or those contexts 
contributing the greatest injury burden differ in their respective social influences? The 
second related research question seeks to determine if those riding within these 
contexts share common individual characteristics. Finally, the last research question is 
focused on combining the findings of the above research questions to develop 
recommendations for preventing injuries. 
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5 Rider interviews 
 
The previous two literature chapters have provided a summary of existing evidence 
regarding off-road riding. Chapter 2 profiled the riding population and their injuries 
and reviewed existing interventions to prevent off-road riding injuries while Chapter 3 
summarised the psychosocial factors contributing to involvement in off-road riding. 
Both of these chapters raised a number of issues regarding the characteristics of the 
off-road riding population, why injuries occur, and potential broader contextual 
influences on off-road riding behaviour. As the preceding literature review 
highlighted, existing studies focusing specifically on off-road riders have provided 
only basic information on the nature of the off-road riding community, with little 
attention given to understanding the greater context in which the behaviour occurs. 
 
The current chapter, reporting on interviews and focus groups undertaken with off-
road riders, aims to build on the information presented in these previous literature 
chapters and provide background data on the characteristics of off-road riders from a 
participant perspective. As acknowledged in the discussion regarding the psychosocial 
basis of off-road riding in Chapter 3, the perceptions of participants in a particular 
behaviour can differ substantially from those of a researcher who has not had the same 
level of direct experience. The following study focuses on collecting data specifically 
relating to the nature of off-road riding, motivations for riding, perceptions regarding 
safety and other social and psychological factors contributing to the context in which 
off-road riding occurs. 
 
5.1 Method 
 
5.1.1 Discussion questions 
 
The interviews and focus groups were largely open-ended, with participants allowed to 
raise issues they considered important. Key questions asked of riders to facilitate 
discussion included: 
 
 - Why do you ride off-road? 
 - Who is involved in off-road riding? 
 - What occurs on a typical ride for you? 
 - Why do off-road riding injuries occur? 
 - What can be done to prevent off-road riding injury? 
 - Are there any other issues of importance that you think should be raised? 
 
These were general questions which were designed to generate hypotheses and aid in 
interpreting future analyses and planning for surveying of riders. 
 
5.1.2 Participants 
 
Participants were recruited primarily from the North Queensland region through 
advertisements in local papers, meetings with local riding groups and through 
snowballing of known riders. A total of 5 discussion groups were conducted, 
supplemented by one-on-one interviews. A total of 39 participants attended focus 
groups or interviews, with a further 6 participants surveyed through phone interviews. 
The interviews varied in length, with the one-to-one phone interviews lasting as little 
as 30 minutes, while the group discussions had durations up to 3 hours. 
 
While this group is not claimed to be representative of all riders in Queensland, riding 
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is known to be more prevalent in rural areas, with the majority of riding likely to occur 
outside of highly urbanised areas like the South-East Queensland corner. Brief details 
of the participants that attended focus groups and completed a short demographic 
survey are shown below in Table 5.1. In 5 instances, no information was collected 
from participants due to their choosing not to complete the brief survey. 
 
Table 5.1. Brief details of focus group participants 
 
Variable  n % 
    
Gender   
 Male  31 79.5 
 Female  8 20.5 
    
Age Group   
 16-19  1 2.9 
 20-24  0 0.0 
 25-29  1 2.9 
 30-39  8 23.5 
 40-49  19 55.9 
 50-59  5 14.7 
 60 +  0 0.0 
 Missing  (5) (12.8) 
    
Car Licence Type   
 Provisional  1 2.6 
 Open  33 97.1 
 Missing  (5) (12.8) 
    
Motorcycle Licence Type   
 Not licensed  4 11.8 
 Learners  1 2.9 
 Open  29 85.3 
 Missing  (5) (12.8) 
    
Highest Education Level   
 Grade 10  11 32.4 
 Grade 12  8 23.5 
 Certificate IV / Diploma  6 17.6 
 Advanced Diploma  2 5.9 
 Bachelor Degree  3 8.8 
 Trade  4 11.8 
 Missing  (5) (12.8) 
    
Motorcycle / ATV vehicle age  Valid n = 31 
 Mean (years)  5.8 
 Median (years)  4.0 
 Range  0 - 22 
    
 
The sample was constituted primarily of male riders, with riders in the 30-39 and 40-
49 years age groups having the largest number of respondents. There was a potential 
bias in that a majority of the sample of participants were in the older age group of 40-
49 years. Although younger riders were approached through groups, they were less 
receptive to being involved in the discussion groups. Most respondents were fully 
licensed to both drive and ride on-road. Highest reported education levels showed an 
overrepresentation of those with a Grade 10 education, though those with a Bachelor 
Degree or Advanced Diploma were also in line with levels in the general population. 
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The median age of motorcycles used by the sample was 4 years, indicating the use of 
relatively new vehicles, though a substantial range of vehicle ages was reported.  
 
5.1.3 Analysis 
 
When possible, audio recordings of each focus group or interview were taken, with the 
permission of participants. In the absence of audio recordings, notes were taken by the 
researchers either during or immediately following the discussion. A thematic analysis 
method was used, searching through each of the transcripts or notes for patterns which 
could be used to group together the focus group participants’ statements. Where 
applicable, content within each theme was attributed to sub-themes to allow clearer 
interpretation of the different elements of each theme (Aronson, 1994; Braun & 
Clarke, 2006).  
 
5.2 Results 
 
The content of discussions from focus groups and interviews is described below in 
relation to themes raised by participants in response to the general questions described 
in the previous section. 
 
5.2.1 The off-road riding population 
 
A number of riders were keen to clarify that the number of injured riders should be 
placed in the context of both the substantial and increasing numbers of riders. 
Attention was frequently brought to the considerable sales of off-road motorcycles. 
Some participants spoke of the need to accurately establish the risks of off-road riding 
given that it is not readily known how often people ride or the relative time periods 
they are riding. The relative popularity and safety of off-road riding in comparison to 
other sports and recreation was also raised. 
 
“there’s a massive amount of kids out there riding motorbikes 
illegally, breaking the law” 
“there’s more kids in this town riding motorbikes illegally than there 
is playing rugby league… In my street there are 6 unregistered 
motorbikes… no one in my street plays rugby league” 
 
In this context, some off-road riders believed that the general public’s perception of 
off-road motorcyclists is that it is not as valid a pastime as other activities. One 
participant perceived that injuries in other sports or recreations such as football are 
seen as “part of the game” while off-road riding injuries were perceived as 
unnecessary risk-taking with no purpose. The make-up of the off-road riding 
population was also frequently raised as an issue. Off-road riders did not see 
themselves as a homogenous group, and felt they should not be considered as such. 
This difference was expressed across a number of characteristics, including the type of 
vehicle used (ATV vs. 2-wheel bikes), purpose or riding (work or recreation), or more 
frequently whether the rider was licensed and rode a registered vehicle. The group of 
typically young unlicensed riders were frequently noted as the more reckless, 
irresponsible riders. 
 
“pain in the ass… no gear on… unregistered, uninsured, generally the 
mentality of the guys that ride pit bikes, (wearing) shorts etc” 
 
“unregistered riders, just want to go out and have a ride, don’t really 
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care and don’t look into it and think, ‘she’ll be right’, or think what 
will be the consequences for others or themselves” 
 
“impulse buying, buying unregistered bikes, couldn’t be bothered 
(joining clubs) or doing the right thing generally” 
 
These quotes established an ‘us versus them’ dichotomy, with the participants 
comparing their responsible riding activities to a broad group of ‘other riders’ acting 
inappropriately. Thus, there was a general feeling that broad categorisations would not 
be appropriate given the diverse population of riders. 
 
5.2.1 Groups of riders 
 
A concern for several riders was that they are presented in the media and public eye as 
a group that is not representative of all riders. One respondent summarised dirtbike 
riders in three broad groups. 
 
Participant 1: “we get tainted by the element, a small but significant 
element of rat bloody dirtbike riders. I suppose you can divide it into 3 
groups, you’ve got recreational riders like ourselves who are 
generally responsible, you’ve got guys who ride and race 
competitively in enduro and motocross, and then you’ve got this 
element of people who ride on weekends. What’s a name for them? 
Researcher: ‘weekend warriors’?’” 
Participant 1: “they go camping, they’ve usually got older model 
bikes, they’re noisy, they usually don’t have all the right gear” 
Participant 2: “I think the word you were after is ‘rednecks’” 
Participant 1: “there’s definitely a fair element of these guys and the 
dirtbike riding community gets tarnished as one” 
 
A separate element again of younger riders who ride illegally was also separated out as 
a source of public misconception about dirtbike riders. 
 
“that’s our biggest problem, they give us a bad name… because 
they’re all noisy, most of them are kids” 
 
Young, unlicensed, unregistered riders not having adequate space to ride in was 
however acknowledged as an issue as to why this group rides illegally in the first 
place. 
 
“there’s no real areas for the young fellas to ride, however many 
bikes are riding around (specific location) on a weekend, you can’t 
have all of them on a motocross track” 
 
“it’s because of those (reckless people) that dirtbike riders are 
perceived badly. You often see reports in the [local newspaper] about 
people riding illegally in cane paddocks” 
 
“they’re a different element I suppose, they’re kids growing up with 
nowhere to ride” 
 
“we have this reputation and that’s why we don’t get the respect I 
believe, that other sports do” 
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5.2.2 Reasons for riding 
 
The stated reasons for riding were also varied: 
 
“(there is a) really good camaraderie…not, (an attitude of if you) fall 
off your bike, haha” 
 
“(we ride) because we enjoy motorbikes obviously…the fellowship 
between people in the club is strong” 
 
“(we are) social riders as well… (we) stop at lookouts etc…most of 
our rides entail washed out stuff” 
 
“it has become a lot more family orientated, and that’s good” 
 
“they’re all out having fun” 
 
“the safest way to get an adrenalin fix” 
 
Thus, motivations for riding ranged from a primarily social experience through to the 
more motorsport enthusiast or thrill-seeker element. 
 
5.2.3 Inevitability of injuries 
 
A common theme in regards to the safety of off-road riding was that there was a 
necessary respect and assumption of the potential to be injured while riding.  
 
“if you are going to ride you are going to get hurt” 
 
“you have to accept that it is a dangerous sport, doesn’t matter how 
you look at it, if you come off a bike, you’re going to hurt yourself. 
You can wear your helmet, and all your safety gear and you’re still 
gonna get hurt” 
 
“if you lose respect for it, you’ll get injured” 
 
“if you’re gonna buy one, you should be aware of what you’re in for” 
 
“safety gear does have a place, but short of encasing yourself in metal there’s 
not much else you can do” 
 
For some, it was even seen as a necessary factor in learning to be a good rider in the 
first place.  
 
“all the experienced people here, you talk to them about how many 
times they’ve fallen off or had a prang… it’s in the hundreds. But 
that’s how you learn to be a good rider” 
 
“it’s the same with horses, anything” 
 
One respondent mentioned the fact that it may even have to go so far that a rider needs 
to get seriously hurt before they learn. 
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“I’m lucky, I learnt the hard way…but I can still ride” 
 
However, a caveat was put forth that a crash in an off-road context was also often seen 
as a considerably more minor issue than a crash on-road. A softer ground surface and 
additional environmental cushioning such as grass were mentioned as reasons for this 
perception. The unique challenges of the off-road physical environment in terms of 
situations such as rocky or loose surfaces were also associated with riders becoming 
separated from their vehicle frequently, but often without any serious resulting injury. 
 
5.2.4 Personal responsibility 
 
In relation to the inherent risks of riding, personal responsibility for injuries was 
frequently supported. 
 
“every person has to be responsible for their own actions” 
 
One participant highlighted that riders should not try to shift blame and 
disagreed with a perceived prevailing attitude in society that... 
 
“it’s always someone else’s fault”  
 
This in turn was a lead-in point to a discussion of liability in relation to access to land-
use, and governing and legislation of the behaviour. 
 
“Are we protecting people against themselves, people have got to take 
some responsibility for themselves” 
 
“Do you want to govern things that much, we’ve got enough now.” 
 
5.2.5 Safety Perceptions 
 
Although recognised as a potentially dangerous activity, off-road riders contrasted the 
behaviour with riding on-road.  
 
You are not riding “in an environment where there’s obstacles coming 
at you all the time” 
 
“I much prefer to be riding in a very controlled environment, and 
nothing is going to be coming at you” 
 
A number of the participants spoke about riding off-road as a means to develop 
vehicle control skills over and above those that are typically taught or learnt from 
riding on-road.  
 
“if you come from a dirtbike background and move onto the road, you 
know a lot more about bike control.” 
 
“Riding on the dirt and riding on the bitumen are two different things, 
but I think you’re a lot better off (in terms of vehicle skills)” 
 
Thus, it was put forth that adequate skill development was an essential part of riding 
off-road given the unique challenges of the riding context. Riding recreationally was 
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also contrasted with riding for work or farming purposes in terms of a concern for 
safety. 
 
“I think probably safety is the last thing on their mind (when 
working)” 
 
“I think what they do is they’re using their 4 wheeler or 2 wheeler in 
my case, it’s a tool to do a job and I’d say most of the time when you 
go to work your mind’s focused on checking that pump or going to 
clear that track or whatever it may be. I think the older you get, the 
more safety conscious you become, that’s definitely been my case” 
(Farm-based rider) 
 
5.2.6 Types of Riding 
 
As with previous comments, the types of riding enjoyed by riders were varied. 
Typically though, riders spoke of wanting a more difficult, adventurous style of riding. 
 
“we don’t like well-formed, boring roads” 
 
“(roads and trails are getting) all very formed up… the experience 
they want is doing it in such a way that minimises it (roughness)… But 
as dirtbike riders we want the hard stuff” 
 
“if you’re gonna send a grader out and smooth the tracks, we’re not 
interested” 
 
This was contrasted in turn with the on-road riding experience and its inherent 
limitations. 
 
“that’s why people ride dirtbikes… if you’re on the bitumen and you 
go around a corner sideways, people say ‘look at that hoon’… you’ve 
got to show some control” 
 
Thus, being able to ride in a context away from the controls of the roadway was seen 
as an attractive element of riding off-road. Riding off-road was also further contrasted 
with riding on motocross tracks. This was seen as a separate but related activity which 
several participants showed no apparent interest in. 
 
“round and round, that’s boring” 
 
In fact, being able to ride in a setting that was open and provided an atmosphere over 
and above just riding was also seen as important.  
 
“you want the adrenalin but you want the scenery as well. It’s not a 
matter of simply going out on a track and getting the adrenalin rush” 
 
“enjoying the beauty of the area as well as, going for that explore, it’s 
like a combined thing” 
 
This should not be taken however as downplaying the fact that some riders are 
interested in pushing both themselves and their vehicles, with potential injury 
implications: 
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“they enjoy the countryside, but riding fast is a big part of it. And 
that’s why there is a lot of injuries” 
 
5.2.7 Protective Equipment and Safety Behaviour 
 
The reported usage of protective equipment was generally high, as were attitudes 
towards its use when riding recreationally. 
 
“Most people that ride sports quads, they all dress up” 
 
“Everyone’s got gloves, everyone’s got helmets, everyone’s got boots, 
nearly all of them will have knee guards” 
 
“that’s right, when we’re riding dirtbikes, we’ve got all the right gear 
on, no thongs, no shorts” 
 
It was however interesting to note that some riders who were also involved in 
agricultural work spoke of a distinction in the usefulness of safety gear dependent on 
the type of activity being undertaken. 
 
“when we take the 4-wheeler out, I don’t even wear a helmet, but 
we’re not out there racing” 
 
A stated reason for some riders was the uncomfortable nature of helmets and some 
other protective gear. 
 
“I don’t wear a helmet, while I’m on the farm itself, for me it’s 
impractical, I know it’s a lame excuse but for me it’s impractical. 
Between properties, where there’s gazetted roads and bitumen roads, 
helmet’s always on, without a doubt” 
 
“(A) helmet doesn’t keep the sun off, it’s hot and heavy” 
 
Those that rode in a club context also spoke of taking additional equipment such as 
water bottles, first-aid kits and having procedures in place to make contact with 
emergency services in the event of an accident. In this respect, organised club rides 
were highly organised with a number of precautions in place to prevent or handle 
injuries. 
 
5.2.8 Reasons for crashing 
 
A variety of reasons were provided as to why crashes occur when riding off-road.  
 
 Fatigue and boredom. Fatigue and boredom while riding were noted as an 
issue by some respondents. This did not appear to be related to traditional concepts of 
driving fatigue though, with a focus more on the interaction with the physical demands 
of controlling an off-road motorcycle. One participant described a fellow rider who 
had crashed after a long period of riding: 
 
“rushing to get home, a big mistake… that was exhaustion…[he] was 
absolutely knackered” 
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As one becomes more accustomed to off-road riding, it was stated by one participant 
that it is possible to become bored easily if there is not a sufficient challenge or 
intensity to the ride. In this respect, riding fast was actually described as a way to keep 
alert to the riding task.  
 
Pushing limits / competition. As noted previously, pushing the limits of 
physical and cognitive abilities and challenging one’s self was also frequently 
mentioned by participants as a means leading to a crash.  
 
“it’s the same as any sport anywhere, everyone’s enjoying themselves, 
someone does something a little bit extra, then….” 
 
“doing something stupid” 
 
“showing off to Japanese tourists” 
 
“generally showing off or something” 
 
Particularly in respect to the unlicensed riders, one participant noted that there is a 
certain element that… 
 
“…just want to play dangerous games” 
 
It was also noted by some participants that ‘ego’ played a certain part, particularly for 
male riders.  
 
“(riding) the steepest hill…ego” 
 
“bit of competition” 
 
“ego…challenge…adrenalin” 
 
“if there’s a hill there, you’ve got to…” 
 
One participant spoke of the perceived need to ‘show up’ younger riders and establish 
a high level of riding for these less experienced riders to aspire to. 
 
“a lot of times we take younger fellas with us… to do a bit of 
‘character building’” 
 
“some of them think they really know how to ride” 
 
“then you find a hill we all know and zoom up it and then watch and 
see if they can or can’t” 
 
This sense of competition was mentioned as a significant source of injury when 
inexperienced or less-skilled riders attempted to ride with other riders above their own 
level.  
 
“he could be doing 120 in a spot and I’d be doing 80 and he’s safe as 
a church, but if I try to do 120 I’m not safe… different abilities of 
riders... (it’s) up to the individual” 
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This was related back to the perspective of personal responsibility in regards to each 
rider setting their own limits and not trying to ride above themselves. 
 
“you’ve got to know your limits, if you ride within it you can still have 
a great time and not get injured” 
 
However, an element of peer pressure to take risks, particularly among younger riders 
starting out, was also seen as encouraging this aspect of riding. 
 
“They want to do whatever these guys do…mimicry? If they’re your 
peers” 
 
“young kids, if there’s a bump in the ground they want to go over it 
and they (the bumps) get bigger and bigger” 
 
“young fellas, they want to be as quick and as good as you, if not 
better” 
 
  
Alcohol. Alcohol was not frequently mentioned as a major issue by riders in 
regards to crashes, though it was mentioned in passing. 
 
“a couple of ‘refreshments’… and then bulletproof all the way home” 
 
“(with) off-road riding, alcohol will have to play a certain part you’d 
think” 
 
A shifting in the culture of dirtbike riders was also spoken about by some of the older 
riders, moving away from such activities. 
 
“when I joined it was a man’s thing, you had to drink heavy beer to be 
a man and ride the fastest bike… and that’s changed to a large 
degree” 
 
 Vehicle Type. Issues surrounding the types of motorcycle being ridden and 
their relationship to crashes was also a common theme, though several sub-issues were 
raised within this broader topic. Improvements in motorcycle technology were 
mentioned as a potential issue. 
 
“I think the machinery is getting better, you can go a lot faster. (Older 
bikes) were big and heavy” 
 
The improvements in handling and suspension were expressed by one participant as 
even encouraging a lesser respect for the dangers of off-road riding.  
 
“the bikes they ride today, has got a lot to do with accidents 
today….they soak it up when you hit logs or something” (but) “when 
you do come off, you come off twice as fast” 
 
The availability of cheaper bikes such as minibikes and ‘pit bikes’ (usually purchased 
from overseas suppliers for comparatively low prices to locally based dealers) were 
mentioned as an issue in that a certain respect for the vehicle is lost. That is, with 
minimal cost resulting from a crash, there is little financial impact to discourage 
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dangerous riding. The availability of inexpensive import vehicles through second hand 
sources and private sales were in turn flagged as leading to a subculture of riders with 
little background knowledge about riding or a desire to be a part of future planning for 
riders. 
 
ATV riders raised the difficulty that inexperienced riders or even motorcycle riders 
transferring across to a four-wheeled vehicle may face. The ease of initially being able 
to ride an ATV because of the stability of four wheels when stationary was noted. 
 
“I think sometimes motorbike riders get onto a quad and because 
they’re used to going fast, and they can handle it fairly well, they 
haven’t got all the skills and they often hurt themselves” 
 
Media and prevailing attitudes. Further related to the element of ‘pushing the 
limits’ was the portrayal of off-road riding in the media, which was seen as 
contributing to the culture of riding, particularly for younger riders. Participants spoke 
of the increasing ‘extremeness’ of riding. 
 
“Crossup in the dirt… what could be better than that?” 
 
“Who thought you could do the things they do now?” 
 
For some riders, the perception was that a certain subculture of riders existed that saw 
injuries as a sort of ‘badge of honour.’ 
 
“you’re a hero if you break your arm.” 
  
It should be noted however that this was an extreme example not shared by many of 
those interviewed. 
 
5.2.9 Interventions 
 
It was put forward by participants that it is a difficult behaviour to alter or control in 
any respect. 
 
“I don’t think there is a lot you could do to stop people getting hurt on 
dirtbikes, it’s just the nature of the sport” 
 
The possibility of interventions was received sceptically among many of the riders, 
who felt that trying to regulate the behaviour to a large degree would neither be well-
supported by riders nor effective in reducing injuries. With the perception that 
motorcyclists as a whole are seen as a ‘problem group’ by authorities, a fear was 
expressed that any intervention would not take into account the differing issues of the 
diverse riding population and be overly strict. 
 
“you can’t regulate us too much” 
 
“you don’t want to regulate the ride... it still needs to be fun” 
 
Strict regulation and policing for illegal riders was noted as a problem in that some 
young riders will come to associate government intervention with policing with few 
available alternatives to ride legally. Rather, participants called for a ‘common sense’ 
approach to encouraging safer riding. It was acknowledged that such approaches are 
65 
 
only useful if the riders themselves are receptive to such 'common sense.' 
 
“you can’t legislate common sense… you can’t even teach it. If 
someone is going to wrap themselves around a tree… they’re going to 
do it regardless of whether they’ve done a course” 
 
With few common focal points for intervention, motorcycle dealerships were seen as a 
common gateway. However, this area of intervention was not thought of as an 
efficient means to provide information. While a common point of access, the role of 
dealerships as commercial interests was seen as not being primarily to monitor, 
regulate or disseminate information. However, basic information regarding 
appropriately setting up the bike prior to taking the vehicle off-site was noted.  
 
 Role of clubs and organised riding. It was also perceived by a number of 
interviewees involved in organised riding that this type of riding encouraged safer 
practices. As mentioned above, club riders reported bringing additional safety 
equipment on organised rides such as first-aid kits. Other general safety strategies put 
forward by club riders included prior planning of the riding course to identify 
potentially risky locations and even informal ‘policing’ of basic safety behaviours. 
Examples of this ‘policing’ included briefly assessing every person wishing to take 
part in the ride as to their riding competence compared to the course and ensuring 
basic safety equipment was used. It was also noted however that some riders would 
not be receptive to riding as part of a club, and may interpret this as just another form 
of enforcement. 
 
“Some people may not want to ride in a club situation because they 
are not prepared to wait around, being a sweeper, waiting on 
corners” 
 
“It’s tough to get through to a lot of riders, they are individualistic, 
might see the club environment as too restrictive” 
 
Training and riding experience. Although mention of ‘interventions’ were 
typically met with resistance, there was general support for increasing riding 
experience, particularly encouraging young riders to get involved as early as possible. 
In this sense, gradual riding skill development was perceived as a key issue.  
 
“Need to be given proper instruction at an early age on how to sit on, 
turn, [all in] slow speed."If you can ride slow, you can ride fast.” 
 
The benefits of early training were particularly highlighted in relation to establishing 
proper riding behaviour at an early stage before a more resistant attitude takes hold. 
 
“Parents need to lead by example. Can’t wait until kids get to 18 
years as you can’t talk to them by then. Need to get in early.” 
 
The issue of over-confidence as a result of training was acknowledged by some riders, 
but this was put into the context of basic skills being easy to impart and having 
minimal risk of encouraging high risk behaviour. 
 
“In regards to the issue of training, there is a fine line between being 
confident and knowing too much. However, there is no fine line 
between learning to brake” 
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A lack of training opportunities generally was noted, except for ATV riders in a work 
context. Feedback from a participant involved in training such riders noted that the 
programs are generally well-received by both those riding and the supervisors of the 
agricultural properties. 
 
 Benefits vs. restriction. In terms of ‘getting through’ to off-road riders, it was 
put forward that any intervention needs to be presented as having a net benefit to off-
road riders. One example of this given by an interviewee was a licensing or 
registration scheme that would provide off-road riders with improved access to riding 
locations. It was also acknowledged that this would be difficult in relation to those off-
road riders who currently ride in a relatively unrestricted manner.  
 
5.2.10 Access to riding facilities 
 
Availability of appropriate, legal areas to ride was a key issue for practically all 
participants in the current investigation. The relationship between areas to ride and the 
safety of the behaviour was seen as inherently linked by some respondents. That is, 
illegal, uncontrolled riding was seen to be encouraged by a lack of available areas to 
ride legally. The challenges associated with increasing urban sprawl along with an 
increasing demand for areas to ride were seen as issues again with no easy solution. 
 
“any of the small areas of land that used to be here, where you could 
go riding, are now getting developed, and the more population that 
comes here, people complain about the noise of the bikes” 
 
Riders spoke of their desire to see the issue of access treated seriously in coming 
years. Particularly in relation to diminishing access to land generally, the issue was 
only seen as becoming more complex with the passing of time. 
 
“the same issues will be here in 10-20 years…with the popularity of 
the sport and population growth. (Trying to access) the same bit of 
land for conflicting reasons” 
 
 Use of Motocross Tracks. Though there were several motocross tracks 
potentially available to respondents, it was stated that these tracks are not publicly 
accessible by all riders.  
 
“we can’t go and ride the motocross club… motorcycling Australia 
controls that and they won’t let us ride it. To ride that club you’ve got 
to join the local motorcycle club, you’ve got to get a motorcycling 
Australia licence and you can only ride that track on designated club 
ride days, which is only about 10 times a year” 
 
As noted above, there are also issues in that these tracks do not provide the sort of 
riding which is sought by many recreational off-road riders. Motocross tracks were 
also seen as far too ‘hardcore’ for casual or younger riders. 
 
“kids don’t want to go straight onto a motocross track, it’s too 
daunting, it’s scary, they want to be able to putt around with their 
dad…in a paddock” 
 
“for young kids, nowhere (has) small trails for kids to access, to ride 
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for fun” 
 
The opposite was also true for more experienced riders who sought to have more 
challenging and interesting terrain to ride.  
 
“bush tracks are…enough to keep the kids interested” 
 
“but when the boys [referring to adults] do their thing, they need 
more” 
 
The associated financial costs of joining clubs and providing insurance against injury 
was also raised as a concern. 
 
“(need to) develop that (local riding spots) rather than going to a 
motocross track where you’ve got to be in a club and you’ve got to 
have the insurance and it becomes expensive” 
 
 Facilitating Access. The associated bureaucracy involved in attempting to 
access areas to ride was seen as a large barrier to improving relationships between 
riders and external bodies like government departments. Participants spoke of 
conflicting information being provided from differing departments along with little 
perceived interest by authorities in catering for off-road riders. 
 
“trying to do the right thing, once you’ve finished jumping through all 
the hoops, you’ve run around in 10 thousand circles” 
 
The provision of resources to adequately manage such large facilities was also noted. 
 
“the thing is with all that stuff, is like, they probably wouldn’t mind in 
many places allowing bikes and what have you but they’ve got to 
manage it but they don’t have the resources to manage it so it’s easier 
to lock it up” 
 
“it’s such a bureaucratic slow process” 
 
From some riders, sufficient areas to ride were only readily available through personal 
contacts on larger properties or stations who were willing to open their land up to 
riders. 
 
“if we didn’t have that background knowledge, the places we could 
go, you might as well not have a bike” 
 
From the perspective of a land owner it was also stated that consultation and 
requesting permission to enter private land personally is a method that is conducive to 
facilitating access. 
 
“If people ask, I always oblige, come and approach us, you can judge 
the sort of people they are…if people have the decency to ask, and it’s 
not going to affect me, they can come on” 
 
This was also acknowledged by some riders as a very beneficial way to build links 
with land owners. 
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“we always make a point of, if we see anybody like landowners, give 
our name, phone number, we’ve had positive feedback. I think that’s 
something that personally, (we’ve been) trying to encourage it” 
 
 Liability. From the perspective of both land-owners and riders, public liability 
was noted as an issue that serves to discourage allowing access to private land.  
 
“the other thing is liability - people that own properties are more 
reluctant I suppose to let people on their property now because of 
liability cases that have happened down the track” 
 
Ultimately, changes to laws were seen as the only way that this situation could be 
rectified. 
 
“I know the law doesn’t operate like that, but you should be 
responsible for your own actions. If you want to roar through 
someone’s property and you hit a barbed wire fence, don’t come back 
to sue the property owner because there’s a barbed wire fence” 
 
Parallels can be drawn between this statement and those mentioned previously that a 
greater sense of personal responsibility should be assumed in regards to injuries. The 
threat of potential litigation may even have far-reaching impacts and lead to land 
owners restricting access totally to avoid an area becoming known as available to 
riders. 
 
“don’t want to see your property as being open-slather” 
 
Other related barriers mentioned from a property owner perspective were the 
possibilities of riders scaring cattle, damaging equipment or even theft of fuel or other 
items. 
  
Ideal Provision of Access 
 
The current provision of services in Tasmania was put forward as an example of good 
management of resources for recreational off-road riders.  
 
“you go to Tasmania, and you want to ride a registered dirtbike off-
road, they hand you a booklet with trails. All of their state forests have 
dirtbike and quad bike trails. Best setup I’ve ever seen” 
 
A trade-off between protecting the natural environment and providing facilities for 
recreation was seen as key in appropriate future planning. 
 
“if we take all national parks away [from being available to off-road 
riders], we’ve got to give something back”  
 
Catering to the differing needs of riders in dedicated complexes were seen as the 
ultimate solution to providing adequate access for all riders. 
 
“if I had the money, I’d buy a huge property and create somewhere 
we can safely go and ride” 
 
“need to set up a ride park with motocross tracks, trails for kids, 
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intermediate, expert riders, maybe even a separate track for quads 
(ATVs). Charge a fee to access it.” 
 
“governments have more crown land than you can poke a stick at, just 
needs to be unproductive crown land set aside for that kind of 
activity… I’m sure there is unproductive land around that you can 
doze tracks through… so they’re not annoying anyone else” 
 
As mentioned several times previously, this was related back to a chance for riders to 
be given an opportunity to be responsible for controlling their own riding 
opportunities. 
 
“(give) riders a chance to exhibit common sense, giving them the 
chance to show some self-control” 
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5.3 Discussion 
 
The interviews and focus groups raised a number of issues of relevance to the current 
program of research. Firstly, the diversity within the off-road riding community was a 
common theme. This fits with previously identified research which has noted 
substantial differences in the riding characteristics of work and recreational riders, as 
well as the identification of sub-groups within recreational riders (Hibbins, 2002; 
Strategic Leisure Group, 2009). Additionally, this has implications for whether the 
focus of interventions should be on global strategies or strategies targeted at particular 
sub-groups of riders. The following injury and survey analyses will expand on the data 
collected through these interviews to provide further evidence towards understanding 
the make-up of the off-road riding population and identifying if there are any 
individual characteristics or contexts which are particularly associated with injury. 
 
A clear example of differences in behaviour provided by participants was in regards to 
safety equipment. High levels of safety equipment use, even over and above that 
normally described in the literature, was reported among those involved in the 
organised, serious side of riding. This was not however the case among those using 
ATVs and other vehicles in an agricultural context. This finding raises two points. 
Firstly, those taking part in the presumably higher speed and more challenging 
recreational or sporting mode of riding appeared to perceive the greater risk accurately 
and reported taking greater safety precautions. As a significant proportion of the 
respondents for the current study were drawn from riding clubs, it is not known 
whether this finding is also applicable to those recreational or sporting riders who are 
not affiliated with a club. Secondly, the need to take the same level of precautions in 
an agricultural riding context were played down largely on practical reasons such as 
the lower speeds of riding (“not out there racing”) or the lack of sun protection 
provided by safety equipment. These findings highlight the potential relationships 
between different purposes of riding, the level of injury risk involved, and the 
subsequent relation to the use of protective equipment and other safety related 
behaviours. These findings address Research Question 5 by highlighting the perceived 
greater risk of recreational riding compared to work riding. Evidence is also provided 
for Research Question 5b in that the participants suggested safety equipment use as a 
key behaviour that differs across riding contexts. 
 
Off-road riding was perceived as an inherently risky behaviour, with the challenges 
being part of the attraction for some riders. A ‘free-wheeling’ attitude has frequently 
been associated with off-road motorcyclists (Russel, 2005), despite evidence 
highlighting the risks of taking part in the behaviour. Off-road riding and injury were 
associated, with a high perceived certainty of crashing and injury from taking part in 
the behaviour. This finding contributes to Research Question 3a, in suggesting a 
fatalistic mindset regarding off-road riding and injury is common. If these fatalistic 
perceptions are accurate, this also gives anecdotal support to Research Question 2, that 
there is a significant injury burden attributable to off-road riding. Past road safety 
research has noted this fatalistic attitude towards road crashes, particularly for drivers 
in rural areas (Sticher, 2005). A larger sample of riders would need to be taken to 
determine if this same risk perception profile applies across varying types of riders. 
One of the questions to be answered is whether off-road riders are generally risk-
seekers, typified by a willingness to engage in extreme behaviour. The riders surveyed 
in the focus groups suggest that this characterisation is only appropriate for a minority 
of off-road riders. This has highlighted the concepts of risk perception and risk taking 
among off-road riders as being complex issues requiring further investigation. The 
following data and survey studies will attempt to address these issues further in 
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answering Research Question 3a regarding the common individual characteristics of 
riders. 
 
Following from this perceived inevitability of injuries, riders provided little insight 
into what would effectively work in terms of an injury prevention program for off-
road riding. It is also worth noting that this lack of ideas may have stemmed from a 
reluctance for the behaviour to be monitored or regulations to be applied. This 
potential opposition to intervention is a factor that should be given further 
consideration when examining the possibility of recommendations for injury 
prevention to address Research Question 6. The psychological motivations for being 
involved in off-road riding, apart from those who ride for purely practical work 
purposes, were frequently based around concepts of fun, thrill and freedom. While a 
number of key contributing factors to rider injury were raised, these were not directly 
translated into possible intervention strategies by participants. Responsibility for 
preventing injuries was instead shifted to the individual rider. This provides evidence 
towards Research Question 3A, in that from a psychological perspective, riders 
generally held a perception that the responsibility for injuries falls to the individual. 
 
While there does not appear to be a strong scientific basis for skills-based rider 
training in terms of safety outcomes (N. Haworth & Mulvihill, 2005a), the provision 
of training was supported by a number of the participants. In fact, it was the only 
potential intervention recommended. There has been some previous literature 
identifying family members as likely to provide initial on-road motorcycle training 
(Reeder et al., 1996). There is a need for research to determine the levels of 
availability of formal or informal training for off-road riding, the relationship of off-
road to on-road training and who is the typical provider of any instruction. This would 
allow a clearer scope for recommending how the provision of off-road training could 
be improved. 
 
The influence of the media and prevailing attitudes of riders was briefly mentioned by 
participants. Such statements addressed the potential negative effects on rider safety 
caused by media and the general influence on non-rider’s perceptions of riders. In 
addressing Research Question 3b, it is possible that rider-focused media may 
encourage unsafe behaviours. There remains little evidence that off-road riders are 
particularly exposed to safety-related messages. This issue is one that will be 
investigated further in the survey analyses presented in Chapter 9. 
 
The more general influence of parents and other riders in ‘showing the way’ for 
particularly younger riders was also noted favourably by participants. Previous 
research has indicated that riding as a family unit, or with parents and friends is 
common (Strategic Leisure Group, 2009). Research has also identified that 
information handed down from significant others like parents can be a critical factor in 
determining future safety behaviours like helmet use (Germeni, Lionis, Davou, & 
Petridou, 2009). This desired transfer of knowledge from older, more experienced 
riders may have also contributed to the ‘us versus them’ dichotomy mentioned by this 
group of riders, which was biased towards the older age groups. That is, the riders in 
the current interviews and focus groups may have once been the younger, more 
reckless, ‘them’ riders and have since grown out of the behaviours that they now 
deride. Details of the roles that other riders and family members play in terms of 
determining off-road rider behaviour is however unclear and is deserving of further 
investigation. In response to the current finding that social modelling and peer 
pressure can have negative effects on safety, it is important to determine whether peers 
or family members influence riders to act more or less safely. The following survey 
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analyses presented in Chapter 9 will further review the influence of significant others 
to address Research Question 5a regarding patterns of interaction with key influential 
persons. 
 
Participants of the focus groups identified an inverse relationship between riding 
experience and both perceived and actual risk of crashing. Adding evidence to 
Research Question 3a, this suggests that a lack of riding experience and skills may be 
a contributing factor to injury. Separating riding experience and the age of the rider 
should also however be addressed. As noted in the preceding literature review, not all 
those who take part in motorsport activities report high levels of sensation seeking 
(Jack & Ronan, 1998). In this instance, sensation seeking may not correlate with 
involvement in a risky behaviour if some of the seemingly thrill seeking or 
unstructured elements of the particular activity are not interpreted as such by the 
participants. Detailed knowledge and learnt skills regarding a risky behaviour may be 
used to offset the perception and reality of risk, which would not be the case for a non-
participant. The levels of risk perceived in the behaviour, and how this may relate to 
the experience of injury and different riding contexts, will be discussed further in the 
survey of riders as a means to addressing Research Questions 4 and 5b. 
 
Although not directly related to safety, participants’ frequently expressed concerns 
regarding the availability of riding locations should be noted. Issues were raised 
centring on the increasing population wishing to take part in off-road riding without a 
corresponding increase in available locations. Existing barriers to the development of 
riding locations included a bureaucracy for access approvals perceived as cumbersome 
and land-owner concerns regarding legal liability for injury. The need for off-road 
riders to take personal responsibility for injury was again raised as a point against 
these concerns. 
 
5.4 Chapter Summary 
 
The focus groups and interviews raised a number of issues which have not been 
adequately addressed by previous research and warrant further investigation. 
Specifically determining the characteristics of off-road rider subgroups was noted as 
important, as riders sought to highlight the differences and similarities between subsets 
of the riding population. Varying levels of safety equipment use were noted depending 
on riding purpose, highlighting this as a key area for further investigation. A further 
understanding of off-road riders’ perception of risks should also be pursued given the 
participants statements regarding the perceived inevitability of injury and lack of 
insight into potential intervention strategies. The viability of rider training as an injury 
prevention countermeasure should also be further investigated given the participants 
favourability towards this one method of improving safety. In terms of social 
influences, the high involvement and impact of family members and other off-road 
riders was noted. Determining the degree to which these particular social interactions 
can influence off-road rider safety needs to be addressed further. Finally, riders’ 
favourability towards the provision of more riding locations should be kept in mind as 
an important factor from a participant perspective. 
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6 Hospital Admissions Analysis 
 
The preceding literature review and focus groups chapters have provided a 
background regarding the nature of the off-road riding population and highlighted 
broad groups of high-risk riders which have been identified in previous research. More 
specific analyses are however required to identify the nature of those injured. The 
analysis of administrative data has been previously noted as being an important first 
step in the development of an intervention. It allows the identification of key factors 
which can be targeted to either prevent the occurrence of injuries or reduce the 
severity of injuries when they are incurred. 
 
This data, like most administratively collected hospital admissions data sets, does not 
contain very detailed information regarding individual off-road riding crashes or 
injured individuals, but does contain information across a broader scope than could 
typically be collected cost-effectively by a dedicated survey or individual research 
study. As such, this type of data is not as affected by issues common with survey 
studies such as low response rates or biases in responses. All health facilities within 
Queensland are required to submit their hospital admissions data as part of their 
funding agreements with Queensland Health. 
 
Large administrative datasets such as the Queensland Hospitals Admitted Patient Data 
Collection (QHAPDC) allow analyses to identify global trends in injury rates and the 
identification of patient and incident characteristics which are highly represented 
among the injured population. Once these characteristics have been clearly identified, 
they can be used to prioritise injury prevention programs to sub-populations with the 
highest potential benefit. This dataset is not collected specifically for analysing vehicle 
crashes and thus does not provide any exposure information, and as such makes it 
difficult to assess off-road injuries beyond their prevalence. This dataset is however an 
important source of clinical information regarding the types of injuries incurred by off-
road riders. This may have important implications for the development and promotion 
of particular protective equipment or be used to highlight types of riding which are 
characterised by severe injuries. 
 
Due to the nature of the dataset, issues identified in the current chapter will be general 
and will require further detailed investigation. The findings of the current chapter will 
be built upon by the analyses presented in the next three research chapters. In 
particular, the following chapter expands on the analyses undertaken in this current 
chapter by presenting an in-depth analysis of a smaller group of seriously injured 
persons.  
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6.1 Methods 
 
This chapter presents hospital admissions data from the QHAPDC database. This data 
collection contains a near-to-complete set of all recorded admissions to health 
facilities across the state of Queensland. It does not however include injuries which 
were only treated in an emergency department or were otherwise not formally 
admitted to the facility. In this sense, the data does have an inherent bias in that certain 
types of injuries (such as intracranial and neck injuries) (Cryer, 2006) and segments of 
the population (such as people over 65 years of age) (Lyon, Lancaster, Taylor, 
Dowrick, & Chellaswamy, 2007) are known to have higher rates of admission to 
hospital. The data otherwise has very few restrictions in that it contains all records of 
patient who progressed to being admitted to hospital. 
 
6.1.1 Data Scope 
 
Queensland hospital admissions data was provided by Queensland Health from their 
central databases, and provided as a digital data file. The data covered a 5 year period 
from the 1st of July, 2002 to the 30th of June, 2007. The data consisted of only those 
admissions to public hospitals and health facilities within the state. No exclusion on 
the length of stay of patients was applied.  
 
The following analyses only consider hospital admissions arising from incidents 
involving two wheel motorcycles and all-terrain vehicles as defined by the 10th 
Edition of the International Classification of Diseases - Australian Modification 
(National Centre for Classification in Health, 1998). Table 6.1 below shows the ICD-
10AM ‘external cause codes’ selected for use in the current analyses. 
  
Table 6.1. ICD-10AM External cause codes for current analyses 
 
V Code  Description of Motorcycle Rider Injury Cause 
V20x  …collision with pedestrian or animal 
V21x  …collision with pedal cycle 
V22x  …collision with two- or three-wheeled motor vehicle 
V23x  …collision with car, pick-up truck or van 
V24x  …collision with heavy transport vehicle or bus 
V25x  …collision with railway train or railway vehicle 
V26x  …collision with other non-motor vehicle 
V27x  …collision with fixed or stationary object 
V28x  …noncollision transport accident  (incl. fall / thrown / overturn) 
V29x  …other and unspecified transport accidents 
V86x  …transport accidents (involving ATVs) 
 
As with all administrative datasets, the current hospitalisation data likely has some 
variation and error in the exact classification of vehicles to each category. This may be 
particularly pronounced when considering the ATVs as compared to two-wheel 
motorcycles as a result of the lack of clarity between quadbikes and other forms of off-
road four-wheel vehicles. 
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6.1.2 Traffic/Non-Traffic Status 
 
The ‘external cause code’ also provides information regarding the context in which the 
injury occurred. In regards to motorcycle and all-terrain vehicles, the fourth character 
following the above listed external cause codes is used to record whether the incident 
occurred in a ‘traffic’ or ‘non-traffic’ setting. Table 6.2 below outlines the 
classifications for each external cause group used in the analysis. 
 
Table 6.2. ICD-10AM Traffic / Non-traffic Status 
 
V Codes  Non-traffic Traffic Boarding/Alighting  Unspec.
         
V20-28  0,1,2 4,5,9 3  -
V29  0,1,2,3 4,5,6,9 -  8
V86  5,6,7,9 0,1,2,3 4  -
         
 
6.1.3 Transfers 
 
Separations with an admission code indicating a transfer from another medical facility 
were excluded for the analyses except where explicitly stated. This is in line with 
common practice used for the reporting of injuries by the National Injury Surveillance 
Unit (NISU). This method reduces the possibility of double-counting individual 
patients who may have been transferred between multiple hospitals in a single episode 
of care following a crash (Chong et al., 2010).  
 
6.1.4 Remoteness 
 
The data also included an indicator of the remoteness of the hospital or medical 
facility at which the admission occurred. The Accessibility/Remoteness Index of 
Australia (ARIA+) is a classification system which provides a broad geographic 
grouping on the basis of the relative road-travel distances from a particular point to the 
five nearest major population centres (National Centre for Social Applications of GIS, 
2009). 
 
6.1.5 Injury Data 
 
Body region of injury was attributed on the basis of ICD-10AM ‘S’ and ‘T’ codes, 
which correspond to “Injury, poisoning and certain other consequences of external 
causes”. Injuries were grouped into a number of different categories as shown below 
in Table 6.3. The classifications were based on both the ICD-10AM (Australian 
Modification) manual (National Centre for Classification in Health, 1998) as well as 
work undertaken by Fingerhut and Warner (2006) in generating an ICD-10AM 
mortality classification matrix. Where specific categories of the mortality matrix did 
not align with the current injury classifications, the ICD-10AM was consulted, and 
codes reassigned where possible.  
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Table 6.3. ICD-10AM Injury Region Codes 
 
Body region  S Codes  T Codes 
     
Head  S01x - S09x  T000, T010, T020, T030, T040, T060, T200 - T203 
     
Neck  S10x - S19x  T000, T010, T020, T030, T040, T060, T200 - T203 
     
Trunk  As below  T080 - T081, T090 - T099, T210 - T213 + thorax + 
abdomen/pelvis/back/spine, as shown below 
     
Thorax  S20x - S29x  T001, T011, T021, T027, T031, T041, T047, T058, 
T065 
     
Abdomen/pelvis/ 
back/spine 
 S30x - S39x  T021, T031, T065, T182, T184, T185, T189, T283, 
T288, T333, T343, T353, T915 
     
Upper limb  As below  T052, T100 - T101, T111-T119, T220 - T223 + 
upper arm + forearm + hand, as shown below 
     
Upper arm  S40x - S49x  T002, T006, T012, T016, T022, T024, T032, T042,  
     
Forearm  S50x - S59x  T002, T006, T012, T016, T022, T024, T032, T042, 
     
Hand  S60x - S69x  T002, T006, T012, T016, T022, T024, T032, T042, 
T050, T051, T230 - T233 
     
Lower limb  As below  T026, T034, T044, T055 -T056, T120 - T121, T130 
- T139 + hip/thigh + lower leg/knee + foot/ankle, as 
shown below 
     
Hip/thigh  S70x - S79x  T003, T006, T013, T016, T023, T025, T033, T043, 
T240 - T243 
     
Lower leg/knee  S80x - S89x  T003, T006, T013, T016, T023, T025, T033, T043, 
T240 - T243 
     
Foot/ankle  S90x - S99x  T003, T006, T013, T016, T023, T025, T033, T043, 
T053, T054, T250 - T253 
     
 
6.1.6 Injury Severity 
 
The ICD-based injury severity score (ICISS) for Australian hospital data was used to 
classify casualties’ injury severity. Survival Risk Ratios (SRR) as calculated by 
Stephenson et al (2003) were used for these analyses. An SRR provides an estimate of 
the probability of death based on ICD injury diagnoses, with a possible range between 
0 (death) and 1 (complete recovery). An overall injury severity score is then calculated 
as the product of Survival Risk Ratios (SRR) for each diagnosed injury for each 
hospitalisation record. ‘Serious injury’ hospitalisations were defined as those cases 
with an ICISS equal to or less than 0.941 (probability of death of 5.9% or greater). 
This cut-off point is in line with that used in previous analyses of New Zealand 
hospitalisation data (Cryer & Langley, 2006) and analysis of non-traffic crashes in 
New South Wales (Chong et al., 2010).  
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6.2 Results 
 
6.2.1 Overview 
 
The following table provides a brief overview of the frequencies for admissions 
resulting from motorcycle and ATV crashes in the current data.  
 
Table 6.4. Motorcycle and ATV admissions by traffic status  
 
 Motorcycle ATV 
Traffic status n % n % 
       
Non-traffic 5965 44.7 723 88.7 
Traffic 7351 55.1 86 10.6 
Boarding/alighting 26 0.2 6 0.7 
       
Valid Total 13 342 100.0 815 100.0 
       
Unspecified 645 4.6 0 0.0 
       
Total 13 987 100.0 815 100.0 
       
 
Admissions resulting from two-wheel motorcycles were more common than those 
resulting from ATV’s, at a ratio of approximately 17 to 1. Non-traffic incidents 
constituted just under half of all motorcycle admissions with a known traffic status, 
while just under 90% of all ATV admissions were recorded as occurring in a non-
traffic setting. This may be primarily attributable to the fact that ATVs are not able to 
be registered for open access to roads in Queensland (Queensland Transport, 2011). 
 
6.2.2 Yearly Trends 
 
Determining the trends in injuries for off-road vehicles is also important in 
establishing whether the total burden of injury from these incidents is increasing and 
should be a continued focus for intervention. The following two tables show the raw 
numbers of motorcycle and ATV admissions by financial year, with figures for 
motorcycles also shown separately for traffic and non-traffic incidents. These figures 
are then compared against sales and registration data to provide an estimate of the 
relationship between exposure and injuries. 
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Table 6.5. Motorcycle and ATV admissions by financial year 
 
  Motorcycle ATV 
Financial year  n % change n % change 
       
2002/03  2272 - 138 - 
2003/04  2413 +6.2 122 -11.6 
2004/05  2808 +16.4 161 +31.9 
2005/06  3047 +8.5 160 -0.6 
2006/07  3447 +13.1 234 +46.3 
       
Total  13 987 - 815 - 
       
 
Table 6.6. Motorcycle admissions by financial year and traffic status 
 
  Non-Traffic Traffic 
Financial year  n % change n % change 
       
2002/03  1 005 - 1 169 - 
2003/04  1 021 +1.6 1 295 +10.8 
2004/05  1 224 +19.9 1 413 +9.1 
2005/06  1 305 +6.6 1 613 +14.2 
2006/07  1 410 +8.0 1 861 +15.4 
       
Total  5 965 - 7 531 - 
       
 
For the period of available data, the absolute number of admissions for both traffic and 
non-traffic motorcycle crashes increased. The proportional increase in traffic 
admissions was greater between 2002/03 and 2006/07, increasing 56% compared to 
39% in non-traffic admissions. This does however indicate that the significant growth 
in motorcycle injuries overall can be attributed to both traffic and non-traffic incidents. 
 
Levels of riding exposure should also be taken into account when considering 
increases in the absolute number of hospitalisations. Data on the number of 
motorcycles registered each year is routinely published by the Australian Bureau of 
Statistics (Australian Bureau of Statistics, 2002, 2003, 2004, 2005, 2006) and can be 
used as a measure of exposure. As off-road motorcycles are not necessarily required to 
be registered (dual-purpose off- and on- road vehicles can be registered), other 
measures such as sales data can be used to provide a more appropriate estimate. 
Annual Australia-wide off-road motorcycle sales figures were provided by the Federal 
Chamber of Automotive Industries (Ray Newland, FCAI, Personal Communication) 
and compared against the relative numbers of non-traffic motorcycle hospital 
admissions.  
 
The two following figures show the relative increases in hospitalisations as a ratio of 
the figures for the 2002/03 financial year. Sales or registration data are plotted along 
with the hospitalisations for non-traffic and traffic admissions respectively. 
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Figure 6.1. Growth in non-traffic motorcycle hospital admissions and off-road 
motorcycle sales 
 
Two caveats should be considered when interpreting this first graph. Firstly, this data 
compares sales figures for the whole of Australia and hospitalisations for the state of 
Queensland only. Secondly, sales figures were provided for the calendar years of 2002 
- 2006 while hospitalisations were for the financial years 2002/03 to 2006/07. The 
Pearson correlation between these two sets of figures is 0.99 (R2 = 0.98, p < .001) 
indicating a strong relationship between sales and hospitalisations.  
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Figure 6.2. Growth in traffic motorcycle admissions and on-road motorcycle 
registrations 
 
As for the non-traffic comparison, there was a strong positive relationship between 
traffic hospital admissions and on-road motorcycle registrations. It should be noted 
here that some dual-purpose vehicles which can be used in both on-road and off-road 
settings may be counted among these registrations. Having said this, the Pearson 
correlation between admissions and registrations was 0.99 (R2=0.98, p < .001). While 
both of these figures indicate a trend of an increasing number of injuries due to 
motorcycling, both on-road and off-road, they also signal that a substantial proportion 
of these increases may be attributable to greater vehicle use.  
 
6.2.3 Crash characteristics  
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This section presents details on the broad characteristics on the types of crashes and 
their location. Table 6.7 below presents the broad cause of injury for all motorcycle 
admissions by traffic status. 
 
Table 6.7. Motorcycle admissions by type of external cause of injury 
 
  Non-Traffic  Traffic 
External cause of injury  n % n % 
       
…noncollision transport accident  (incl. fall / thrown / overturn)  4 032 67.6  2 238 30.4
…collision with fixed or stationary object  817 13.7  641 8.7
…collision with two- or three-wheeled motor vehicle  244 4.1  131 1.8
…collision with pedestrian or animal  80 1.3  137 1.9
…collision with car, pick-up truck or van  32 0.5  1 569 21.3
…collision with other non-motor vehicle  6 0.1  10 0.1
…collision with heavy transport vehicle or bus  - -  74 1.0
…collision with pedal cycle  - -  14 0.2
…collision with railway train or railway vehicle  - -  - -
…other and unspecified transport accidents  746 12.5  2 536 34.5
…collision with unspecified motor vehicle  88 1.5  60 0.8 
…unspecified accident  658 11.0  2 476 33.7 
       
Total  5 965 100.0  7 531 100.0
       
 
In both non-traffic and traffic admissions, the most common mechanism of injury was 
a non-collision transport accident. This was particularly the case for non-traffic 
admissions. Collisions with cars, pick-ups and vans were however far more common 
among traffic admissions. A further analysis was completed to compare the proportion 
of crashes due to a single agent (largely analogous to single vehicle, without another 
moving counterpart) versus those involving multiple agents (multi-vehicle crashes and 
collisions with pedestrians/animals). Collisions with pedestrians and animals were 
counted as a multi-agent crash as they were likely to have contributed to the crash in 
the same manner as another vehicle. The sub-classification of ‘Collision with 
unspecified motor vehicle’ within the ‘Other and unspecified transport accidents’ 
classification was also categorised as a multi-agent crash. ‘Unspecified accidents’ 
were excluded from the analysis. Table 6.8 below presents the results of this 
comparison. 
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Table 6.8. Traffic and non-traffic motorcycle admissions by number of vehicles 
involved 
 
 Non-traffic Traffic 
Number of agents involved n % n % 
       
Single agent 4 849 91.4 2 879 59.1 
Multiple agents 458 8.6 1 996 40.9 
       
Valid Total 5 307 100.0 4 875 100.0 
       
Unspecified 658 11.0 2 476 32.9 
       
Total 5 965 100.0 7 531 100.0 
       
χ2(1) = 1448.6, p < .001. 
 
As can be seen in the above table, there was a significant difference in the proportion 
of single agent as opposed to multiple agent incidents between the traffic and non-
traffic groups. 
 
All injuries, including off-road riding injuries, have been noted as being particularly 
prevalent in rural areas. Identifying the particular characteristics of crashes occurring 
in rural areas has a number of implications for both targeting injury intervention and 
establishing priorities for the provision of health care. The following tables present 
analyses of the number of motorcycle and ATV admissions by the remoteness of the 
hospital to which they were admitted, using the ARIA+ classification. Though a fifth 
level of remoteness, ‘Very Remote’, is available in the ARIA+ classification, none of 
the health facilities within the data were classified in this category.   
 
Table 6.9. Motorcycle and ATV admissions by ARIA+ group of hospital facility 
 
 Motorcycle ATV 
ARIA+ Group n % n % 
       
Major Cities 5 877 42.0 160 19.6 
Inner Regional  3 940 28.2 253 31.0 
Outer Regional 3 452 24.7 360 44.2 
Remote 718 5.1 42 5.2 
       
Total 13 987 100.0 815 100.0 
       
χ2(3) = 210.5, p <.001 
 
ATV related hospitalisations were considerably more likely to be admitted to  ‘Outer 
regional’ facilities and less likely to be admitted to ‘Major cities’ facilities compared 
to motorcycle admissions.  
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Table 6.10. Motorcycle admissions by traffic status and ARIA+ group of hospital 
facility 
 
  Non-Traffic Traffic 
ARIA+ Group  n % n % 
       
Major cities  2 202 36.9 3 336 45.4
Inner regional   1 758 29.5 1 996 27.2
Outer regional  1 562 26.2 1 758 23.9
Remote  443 7.4 261 3.6
       
Total  5 965 100.0 7 351 100.0
       
χ2(3) = 163.4, p <.001 
 
Within motorcycle admissions only, non-traffic admissions were admitted to facilities 
in ‘Remote’ areas more often and less so to facilities in ‘Major cities,’ with this being 
a significantly different distribution between the two groups.  
 
As evidenced in the literature review and the focus groups, there are a number of 
different purposes and motivations for riding off-road, each with unique risk factors. 
This has particular implications for targeting interventions at a structural level through 
the locations and contexts of riding. The following two tables tabulate the activity at 
the time of the incident and the place of activity for the hospitalisations for non-traffic 
motorcycle hospitalisations. 
 
Table 6.11. Non-traffic motorcycle admissions by activity at time of incident 
 
Activity at time of incident  n % 
    
Sports and leisure  2 469 88.9
Working for an income  271 9.8
Other types of work  36 1.3
    
Valid Total  2 776 100.0
    
Other specified activity  1 019 17.1
Unspecified activity  2 170 36.4
    
Total  5 965 100.0
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Table 6.12. Non-traffic motorcycle admissions by place of activity at time of incident 
 
Place of activity  n % 
    
Sports area  1 012 38.6 
Street and highway  645 24.6 
Farm  585 22.3 
Home  358 13.6 
Industrial and construction area  12 0.5 
Trade and service area  11 0.4 
    
Valid Total  2 623 100.0 
    
Other specific place  863 14.4 
Unspecified place  2 479 41.6 
    
Total  5 965 100.0 
    
 
As can be seen from the data, over half of all the admissions did not have either a 
categorised activity or place of activity recorded. As such, the results in the above 
table should be interpreted with some caution. A clear majority of cases did however 
record the activity at the time of the incident as ‘sports and leisure’, in line with the 
known frequent use of off-road vehicles for recreation. The most frequent places 
where injuries occurred were sports areas, streets and highways, and farms. While the 
category ‘street and highway’ was represented among non-traffic incidents, the coding 
around this category is known to be inaccurate. As mentioned in Chapter 1, locations 
such as farm trails and unsealed access roads could lead clinical coders to classify the 
place of activity as a ‘street.’ 
 
This section has thus identified a typical non-traffic motorcycle hospitalisation as 
being a single agent, non-collision incident, occurring while riding recreationally. 
Together with ATV’s, they are both more likely to be admitted to hospitals outside of 
major cities. This is in contrast to traffic motorcycle hospitalisations, which have a 
much larger proportion of multi-vehicle and collision incidents, and are less 
represented in the remote areas of the state. 
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6.2.4 Person characteristics 
 
The previous sections of this chapter have focused on the types of crashes from which 
the individual casualties resulted. In contrast, this section outlines the characteristics of 
those persons injured as a result of motorcycle and ATV incidents in terms of gender, 
age and vehicle user type. This information is required so that groups highly 
represented among those injured can be identified and focused on for potential 
intervention efforts. Tables 6.13 and 6.14 below present the gender distribution of 
admissions resulting from motorcycles and ATVs respectively. 
 
Table 6.13. Motorcycle admissions by gender of admitted person 
 
  Non-traffic Traffic 
Gender  n % n % 
       
Female  567 9.5 713 9.7
Male  5 398 90.5 6 638 90.3
        
Total  5 965 100.0 7 351 100.0
       
χ2(1) = 0.1, p = .73. 
 
Table 6.14. ATV admissions by gender of admitted person 
 
  Non-traffic Traffic 
Gender  n % n % 
       
Female  199 27.5 26 30.2
Male  524 72.5 60 69.8
       
Total  723 100.0 86 100.0
       
χ2(1) = 0.2, p = .69. 
 
The gender distribution for both motorcyclists and ATVs was predominantly male, 
though particularly so for motorcyclists. It is worth noting that 30% of ATV casualties 
were female, significantly higher than the proportion of females casualties among all 
motorcyclists, χ2(1) = 263.5, p  < .001. No differences in the gender distribution were 
however found between traffic and non-traffic admissions within vehicle type. To 
explore these findings in more detail, the age distributions of hospitalisations by 
vehicle type, traffic status and gender are shown below. 
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Figure 6.3. Age group of motorcycle hospital admissions by traffic status 
 
While the majority of hospital admissions related to both non-traffic and traffic 
motorcycle use were under 30 years of age, the distribution of non-traffic 
hospitalisations peaked 5 years earlier than traffic admissions in the 15-19 years age 
group. Figure 6.4 below presents the same distribution for ATVs. 
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Figure 6.4. Age group of ATV hospital admissions by traffic status 
 
The age distribution for ATV hospitalisations shows a less noticeable ‘spike’ in the 
younger age groups compared to motorcyclists, with a greater relative representation 
of the age groups between 30 and 60 years. The proportions within the non-traffic 
group should be interpreted with caution, though given that they are based on a total 
sample of only 86 cases. Figures 6.5 and 6.6 below provide a further breakdown of the 
motorcycle age distribution by gender for non-traffic and traffic admissions 
respectively. 
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Figure 6.5. Non-traffic motorcycle hospital admissions by age group and gender 
 
The distribution of non-traffic motorcycle admissions was similar among males and 
females, though admitted female motorcyclists tended to be more likely to be younger 
overall. 
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Figure 6.6. Traffic motorcycle hospital admissions by age group and gender 
 
Traffic motorcycle admissions were of a similar age distribution for both male and 
female casualties, though a greater representation of females aged 40 - 60 years was 
noted. 
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6.2.5 Vehicle user type 
 
Table 6.15 below presents the vehicle user type for traffic and non-traffic motorcycle 
crashes. 
 
Table 6.15. Motorcycle admissions by traffic status and vehicle user type 
 
  Non-traffic Traffic 
Vehicle user type  n % n % 
       
Rider  4 890 97.1 4 420 94.9 
Passenger  6 0.1 235 5.0 
Boarding / alighting  139 2.8 0 0.0 
       
Valid Total  5 035 100.0 4 655 100.0 
       
Unspecified  930 15.6 2 696 36.7 
       
Total  5 965 100.0 7 351 100.0 
       
 
The overwhelming majority of admissions where the user type was known were 
motorcycle riders as opposed to passengers. This was particularly so for the non-traffic 
cases, where only 6 of the known cases were pillion passengers. Table 6.16 presents 
the same data for ATV admissions. 
 
Table 6.16. ATV admissions by traffic status and vehicle user type 
 
  Non-traffic Traffic 
Vehicle user type  n % n % 
       
Rider  505 82.4 46 63.0 
Passenger  76 12.4 21 28.8 
Outside of vehicle  32 5.2 6 8.2 
       
Valid Total  613 100.0 73 100.0 
       
Unspecified  110 15.2 13 15.1 
       
Total  723 100.0 86 100.0 
       
 
As can be seen, riders likewise dominated the ATV casualties though a substantially 
larger proportion of all ATV casualties were passengers or those riding on the outside 
of the vehicle at the time of the crash.  
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6.2.6 Injury severity 
 
The severity of injuries sustained is an important consideration in intervention 
development. Serious injuries by definition have a greater chance of resulting in death 
or disability. Serious injuries are likely to utilise more resources of the health system, 
as well as having significant impacts for the injured person and those around them. 
Identifying both the proportion of serious injuries within an injured population, as well 
as the characteristics predictive of these outcomes, are thus important. The length of 
stay in hospital for admitted casualties is often used as a proxy measure for the 
severity of injuries suffered. Table 6.17 below presents the grouped length of stay by 
vehicle type along with summary statistics. Note that the figures in the below table 
include both on- and off-road hospital admissions for each vehicle type. 
 
Table 6.17. Motorcycle and ATV admissions by length of stay 
 
  Motorcycle ATV 
Length of Stay (days)  n % n % 
       
1  6 986 49.9 467 57.3 
2 - 5  4 574 32.7 255 31.3 
6 - 10  1 346 9.6 53 6.5 
> 10  1 081 7.7 40 4.9 
       
Total  13 987 100.0 815 100.0 
       
Mean  3.8 3.3 
Standard deviation  6.4 6.6 
       
 χ2(3) = 24.8, p = <.001 
 
While a large proportion of both motorcyclists and ATV casualties were admitted for a 
period of 1 day or less, motorcyclists overall were more likely to be admitted for 
longer periods. The mean length of stay between the groups was significantly longer 
for motorcycle compared to ATV casualties. Table 6.18 below repeats these analyses 
for motorcycle admissions by traffic status. 
 
Table 6.18. Motorcycle admissions by length of stay and traffic status 
 
  Non-traffic Traffic 
Length of Stay (days)  n %  n % 
       
1  3 206 53.7 3 438 46.8 
2 - 5  1 954 32.8 2 388 32.5 
6 - 10  522 8.8 768 10.4 
> 10  283 4.7 757 10.3 
       
Total  5 965 100.0 7 351 100.0 
       
Mean  3.1  4.4 
Standard deviation  4.8  7.4 
       
  
 
Non-traffic motorcycle admissions were associated with a significantly shorter length 
of stay than their traffic counterparts, and were less likely to be admitted for a period 
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greater than 10 days.  
 
While length of stay can provide an indication of the impact of a particular group of 
injuries on hospital resources, it does not necessarily have a direct relationship with 
severity or health outcomes for a patient. The ICISS calculation, being based on the 
likelihood of mortality, has been suggested as a better severity indicator. The 
breakdown of admissions by ICISS injury severity grouping, vehicle type and traffic 
status are presented in the below tables. 
 
Table 6.19. Motorcycle and ATV admissions by injury severity and traffic status 
 
  Motorcycle ATV 
Injury severity (ICISS)  n %  n % 
       
Serious (≤ .941)  2 440 17.4 131 16.1 
Non-serious (>.941)  11 544 82.6 684 83.9 
       
Valid total  13 984 100.0 815 100.0 
Not calculablea  3 0.0 0 0.0 
Total  13 987 100.0 815 100.0 
       
Meana  .960  .962 
Standard deviation  .073  .062 
       
a - Insufficient injury diagnosis data was available for these cases to 
calculate an ICISS score 
b - Motorcycle: .960 = 4.0% average probability of death 
a - ATV: .962 = 3.8% average probability of death 
χ2(1) = 0.9, p = .34 
 
Table 6.20. Motorcycle admissions by injury severity and traffic status 
 
  Non-traffic Traffic 
Injury severity (ICISS)  n %  n % 
       
Serious (≤ .941)  920 15.4 1 418 19.3 
Non-serious (>.941)  5 042 84.6 5 933 80.7 
       
Valid total  5 962 100.0 7 351 100.0 
Not calculable  3 0.1 0 0.0 
Total  5 965 100.0 7 351 100.0 
       
Meana  .964  .956 
Standard deviation  .063  .080 
       
a - Non-traffic: .964 = 3.6% average probability of death 
a - Traffic: .956 = 4.4% average probability of death 
χ2(1) = 33.6, p = <.001 
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In contrast to the length of stay calculations, there was no significant difference 
between ATV admissions and all motorcyclist admissions on the proportion of 
seriously injured casualties. Compared to non-traffic admissions, a significantly higher 
proportion of the traffic motorcycle admissions were classified as ‘seriously injured’, 
along with a significantly lower overall survival rate ratio (ICISS). To explore these 
differences in more detail, logistic regression analyses were conducted to examine a 
number of crash and person characteristics as predictors of whether an injury was 
serious or non-serious. Injury variables, such as the body region injured, were not 
included in these analyses as these diagnoses are used to calculate the outcome 
variable of the ICISS and can thus not be included as a predictor. 
 
Table 6.21. Logistic regression analysis of the severity of injury (ICISS) as a function 
of key injury characteristics 
 
Variables B Std. error 
Odds 
Ratio 95% CI p 
      
Gender      
 Female   1.00   
 Male .05 .08 1.05 .91 - 1.22 .49 
      
Age group      
 0-14   1.00   
 15+ .64 .07 1.89 1.64 - 2.21 <.001 
      
Hospital location      
 Major cities   1.00   
 Inner regional -.54 .05 0.58 0.51 - 0.65 <.001 
 Outer regional -.55 .06 0.58 0.51 - 0.65 <.001 
 Remote -.75 .12 0.47 0.37 - 0.60 <.001 
      
Vehicle type      
 Motorcycle   1.00   
 ATV .00 .10 1.00 0.81 - 1.23 .99 
      
Traffic status      
 Non-traffic   1.00   
 Traffic .03 .05 1.03 0.93 - 1.13 .62 
      
Number of vehicles      
 Multi-vehicle   1.00   
 Single vehicle -.25 .05 0.78 0.70 - 0.86 <.001 
      
 
A logistic regression analysis identified a number of significant relationships with 
severe injury outcomes. Being a rider 15 years or older, being treated at a major city 
hospital and being injured in a multi-vehicle crash were all significantly associated 
with an increased odds of a casualty being classed as severely injured. It should be 
noted that due to the removal of cases with a separation mode indicating a transfer out, 
that hospitals in ‘Major Cities’ locations may have had an increased number of serious 
injuries as ‘transferred-in’ cases. The likelihood of being classed as severely injured 
did not differ in relation to gender, vehicle type (motorcycle vs ATV) or traffic status 
(traffic vs non-traffic). When the regression analysis was repeated using traffic and 
non-traffic cases separately, a similar pattern of results was found. 
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Table 6.22. Logistic regression analysis of the severity of injury (ICISS) as a function 
of key injury characteristics, traffic crashes only 
 
Variables B Std. error 
Odds 
Ratio 95% CI p 
      
Gender      
 Female   1.00   
 Male .08 .10 1.08 0.89 - 1.33 .43 
      
Age group      
 0-14   1.00   
 15+ 1.03 .16 2.82 2.07 - 3.94 <.001 
      
Hospital location      
 Major cities   1.00   
 Inner regional -.56 .08 0.56 0.48 - 0.66 <.001 
 Outer regional -.46 .08 0.63 0.54 - 0.73 <.001 
 Remote -.69 .19 0.50 0.34 - 0.72 <.001 
      
Vehicle type      
 Motorcycle   1.00   
 ATV -.23 0.33 0.79 0.39 - 1.46 .49 
      
Number of vehicles      
 Multi-vehicle   1.00   
 Single vehicle -.26 .07 0.77 0.68 - 0.88 <.001 
      
 
Table 6.23. Logistic regression analysis of the severity of injury (ICISS) as a function 
of key injury characteristics, non-traffic crashes only 
 
Variables B Std. error 
Odds 
Ratio 95% CI p 
      
Gender      
 Female   1.00   
 Male .02 .11 1.02 0.82 - 1.27 .89 
      
Age group      
 0-14   1.00   
 15+ .50 .09 1.65 1.39 - 1.96 <.001 
      
Hospital location      
 Major cities   1.00   
 Inner regional -.50 .08 .60 0.51 - 0.71 <.001 
 Outer regional -.65 .08 .52 0.44 - 0.62 <.001 
 Remote -.76 .15 .47 0.34 - 0.62 <.001 
      
Vehicle type      
 Motorcycle   1.00   
 ATV .05 .12 1.05 0.83 - 1.33 .69 
      
Number of vehicles      
 Multi-vehicle   1.00   
 Single vehicle -.25 .08 .77 0.67 - 0.90 <.001 
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6.2.7 Body region of injury 
 
Identifying body regions which are injured frequently or contribute to severe outcomes 
has implications for intervention development. This may take the form of the 
development or promotion of tertiary protection such as helmets which can prevent a 
particular type of injury in the event of a crash, or may be used to promote certain 
types of riding which reduce the likelihood of particular body regions from being 
injured. 
 
Table 6.24. Motorcycle non-traffic length of stay by injury location 
 
Body region n 
injured 
% 
total 
Mean 
LOS 
SD Min Max Median IQR
          
Head/neck 1 256 17.1 2.94 6.4 1 120 1 1 - 2
Head 1 094 14.9 2.91 6.4 1 120 1 1 - 2
Neck 211 2.9 3.45 9.7 1 120 1 1 - 2
Trunk 1 159 15.8 4.53 6.2 1 68 2 1 - 6
Thorax 618 8.4 4.36 6.2 1 68 2 1 - 5
Abd/pelvis/back/spine 620 8.4 4.80 6.4 1 59 3 1 - 6
Upper limb 2 494 33.9 2.36 3.5 1 58 1 1 - 2
Upper arm 1 009 13.7 2.56 3.9 1 58 1 1 - 3
Forearm 1 176 16 2.29 3.2 1 47 1 1 - 2
Hand 573 7.8 2.36 3.4 1 40 1 1 - 2
Lower limb 2 337 31.8 3.70 4.6 1 56 2 1 - 4
Hip/thigh 445 6.1 4.58 5.2 1 35 3 1 - 6
Lower leg/knee 1 567 21.3 3.69 4.7 1 56 2 1 - 4
Foot/ankle 532 7.2 3.42 3.9 1 28 2 1 - 4
          
 
Table 6.25. Motorcycle non-traffic length of stay (grouped) by injury location 
  
   Length of Stay 
Body region  n (injured) 1 % 2-5 % 6-10 % >10 % 
           
Head/neck  1 256 840 66.9 279 22.2 69 5.5 68 5.4
Head  1 094 736 67.3 241 22.0 58 5.3 59 5.4
Neck  211 136 64.5 52 24.6 12 5.7 11 5.2
Trunk  1 159 424 36.6 436 37.6 203 17.5 96 8.3
Thorax  618 215 34.8 252 40.8 109 17.6 42 6.8
Abd/pelvis/back/spine  620 231 37.3 212 34.2 117 18.9 60 9.7
Upper limb  2 494 1 576 63.2 711 28.5 145 5.8 62 2.5
Upper arm  1 009 620 61.4 286 28.3 75 7.4 28 2.8
Forearm  1 176 712 60.5 380 32.3 57 4.8 27 2.3
Hand  573 369 64.4 158 27.6 32 5.6 14 2.4
Lower limb  2 337 942 40.3 970 41.5 270 11.6 155 6.6
Hip/thigh  445 141 31.7 188 42.2 77 17.3 39 8.8
Lower leg/knee  1 567 630 40.2 658 42.0 172 11.0 107 6.8
Foot/ankle  532 233 43.8 209 39.3 53 10.0 37 7.0
           
 
As can be seen from the above tables, thorax, abdominal/pelvic/back/spinal and 
hip/thigh injuries had the highest mean lengths of stay in hospital. These are reflected 
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in a greater tendency for those cases with these types of injury to spend greater than a 
day in hospital. Table 6.26 below presents the proportions of each body region injured 
for motorcycle admissions comparing traffic and non-traffic admissions. Because of 
the large sample size involved, an alpha level of p < .001 was used. 
 
Table 6.26. Motorcycle admissions by body regions injured and traffic status 
 
  Non-traffic1 Traffic2    
Body region  Y % Y % χ2  p 
           
Head/neck  1 256 21.1 1 244 16.9 36.6  <.001
Head  1 094 18.3 1 106 15.0 25.7  <.001
Neck  211 3.5 188 2.6 10.5  <.01
Trunk  1 159 19.4 1 455 19.8 0.3  .62
Thorax  618 10.4 802 10.9 1.0  .32
Abd/pelvis/back/spine  620 10.4 778 10.6 0.1  .74
Upper limb  2 494 41.8 3 402 46.3 26.5  <.001
Upper arm  1 009 16.9 1 310 17.8 1.8  .18
Forearm  1 176 19.7 1 441 19.6 0.0  .89
Hand  573 9.6 1 093 14.9 82.8  <.001
Lower limb  2 337 39.2 3 227 43.9 29.9  <.001
Hip/thigh  445 7.5 601 8.1 2.2  .14
Lower leg/knee  1 567 26.3 2 312 31.5 42.6  <.001
Foot/ankle  532 8.9 749 10.2 6.0  <.05
           
1 n = 5,965; 2 n = 7,351 
 
The overall distribution of body regions injured between traffic and non-traffic 
motorcycle admissions was similar. Statistically significant differences at a .001 level 
were however found for the proportion of head, neck, hand and lower leg/knee 
injuries. Head and neck injuries were more common among non-traffic admissions 
while hand and lower leg/knee injuries were more common among traffic admissions. 
As noted previously, single vehicle incidents were significantly more common among 
non-traffic as compared to traffic admissions, potentially affecting this result. Further 
analyses, as shown in Table 6.27 below, were completed to identify any injury 
differences between traffic and non-traffic single vehicle motorcycle incidents.  
 
94 
 
Table 6.27. Single vehicle motorcycle admissions by body regions injured and traffic 
status 
 
 Non-traffic Traffic    
Body region Y N % Y N %  χ2 p 
           
Head/neck 759 3 273 18.8 350 1 888 15.6  9.8 <.01
Head 681 3 351 16.9 326 1 912 14.6  5.6 <.05
Neck 100 3 932 2.5 38 2 200 1.7  3.7 .05
Trunk 774 3 258 19.2 457 1 781 20.4  1.3 .26
Thorax 405 3 627 10.0 288 1 950 12.9  11.4 <.001
Abd/pelvis/back/spine 420 3 612 10.4 208 2 030 9.3  1.9 .16
Upper limb 1 764 2 268 43.8 1 094 1 144 48.9  15.1 <.001
Upper arm 724 3 308 18.0 505 1 733 22.6  19.1 <.001
Forearm 838 3 194 20.8 423 1 815 18.9  3.1 .08
Hand 378 3 654 9.4 316 1 922 14.1  32.0 <.001
Lower limb 1 547 2 485 38.4 987 1 251 44.1  19.4 <.001
Hip/thigh 271 3 761 6.7 162 2 076 7.2  0.5 .47
Lower leg/knee 1 034 2 998 25.6 721 1 517 32.2  30.5 <.001
Foot/ankle 377 3 655 9.4 212 2 026 9.5  0.0 .91
           
  
While hand and lower leg injuries were still represented at a significantly higher 
proportion among single vehicle traffic motorcycle incidents, thoracic and upper arm 
injuries reached significance whereas they previously had not been when considering 
all incident types. The significantly higher proportion of non-traffic head and neck 
injuries present across all crashes was no longer significant when considering only 
single vehicle incidents. Table 6.28 below presents the results of the body region 
injured analyses for ATVs. However, no significant differences were found in the 
proportions of each body region injured. Table 6.29 presents a further analysis 
comparing the injuries sustained by non-traffic motorcyclists and ATV riders. As 
before, a conservative alpha level of .001 was used due to the large overall sample 
size. 
 
Table 6.28. ATV admissions by body regions injured and traffic status 
 
 Non-traffic  Traffic    
Body region Y N %  Y N %  χ2 p 
           
Head/neck 249 474 34.4  30 56 34.9  0.0 .97 
Head 218 505 30.2  26 60 30.2  0.0 .91 
Neck 45 678 6.2  5 81 5.8  0.0 .93 
Trunk 175 548 24.2  14 72 16.3  2.3 .13 
Thorax 96 627 13.3  9 77 10.5  0.3 .57 
Abd/pelvis/back/spine 92 631 12.7  7 79 8.1  1.1 .29 
Upper limb 284 439 39.3  35 51 40.7  0.0 .89 
Upper arm 114 609 15.8  17 69 19.8  0.6 .43 
Forearm 135 588 18.7  14 72 16.3  0.2 .69 
Hand 61 662 8.4  8 78 9.3  0.0 .95 
Lower limb 186 537 25.7  20 66 23.3  0.1 .71 
Hip/thigh 49 674 6.8  3 83 3.5  0.9 .34 
Lower leg/knee 106 617 14.7  12 74 14.0  0.0 .98 
Foot/ankle 47 676 6.5  6 80 7.0  0.0 .95 
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Table 6.29. Non-traffic admissions by vehicle type and body region injured 
 
 Motorcycle  ATV    
Body region Y N %  Y N %  χ2 p 
           
Head/neck 1 256 4 709 21.1  249 474 34.4  65.5 <.001
Head 1 094 4 871 18.3  218 505 30.2  56.3 <.001
Neck  211 5 754 3.5  45 678 6.2  11.9 <.001
Trunk 1 159 4 806 19.4  175 548 24.2  8.9 <.01
Thorax 618 5 347 10.4  96 627 13.3  5.5 <.05
Abd/pelvis/back/spine 620 5 345 10.4  92 631 12.7  3.4 .06
Upper limb 2 494 3 471 41.8  284 439 39.3  1.6 .20
Upper arm 1 009 4 956 16.9  114 609 15.8  0.5 .47
Forearm 1 176 4 789 19.7  135 588 18.7  0.4 .54
Hand  573 5 392 9.6  61 662 8.4  0.9 .34
Lower limb 2 337 3 628 39.2  186 537 25.7  49.1 <.001
Hip/thigh 445 5 520 7.5  49 674 6.8  0.3 .56
Lower leg/knee 1 567 4 398 26.3  106 617 14.7  45.7 <.001
Foot/ankle 532 5 433 8.9  47 676 6.5  4.5 <.05
           
  
Head and neck injuries were found to be significantly more common among ATV 
riders, while motorcyclists were significantly more likely to be admitted with lower 
leg injuries. Figure 6.7 below graphically presents the injured body regions by vehicle 
type and traffic status, highlighting these differences in the injury distributions. 
 
 
 
Figure 6.7. Hospital admissions by body region injured and vehicle type and traffic 
status 
 
Bone fractures have been reported in the research literature as a frequent contributor to 
hospitalisations from motorcycle crashes. Table 6.30 below presents the proportions of 
fractures for traffic and non-traffic motorcyclists respectively. 
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Table 6.30. Comparison of fractures by body region and traffic status 
 
 Non-traffic Traffic   
Body region Inj. Frc. % Inj. Frc. % χ2 p 
          
Head/neck 1 256 202 16.1 1 244 315 25.3 20.9 <.001 
Head 1 094 163 14.9 1106 243 22.0 12.2 <.001 
Neck 211 39 18.5 188 77 41.0 12.6 <.001 
Trunk 1 159 530 45.7 1 455 805 55.3 7.6 <.01 
Thorax 618 382 61.8 802 547 68.2 1.2 .27 
Abd/pelvis/back/spine 620 156 25.2 778 287 36.9 11.1 <.001 
Upper limb 2 494 1 838 73.7 3 402 2 484 73.0 0.0 .83 
Upper arm 1 009 673 66.7 1 310 887 67.7 0.0 .85 
Forearm 1 176 909 77.3 1 441 1 075 74.6 0.3 .57 
Hand 573 364 63.5 1 093 690 63.1 0.0 .97 
Lower limb 2 337 1 458 62.4 3 227 1 882 58.3 2.3 .13 
Hip/thigh 445 232 52.1 601 337 56.1 0.4 .52 
Lower leg/knee 1 567 991 63.2 2 312 1 300 56.2 4.7 <.05 
Foot/ankle 532 307 57.7 749 392 52.3 1.0 .32 
          
 
Fractures were common for both traffic and non-traffic motorcyclists, particularly in 
the extremities and thorax. Fractures of the head, neck and the grouping of (abdomen / 
pelvis / back / spine) were significantly more likely in traffic incidents. 
 
6.2.8 Injury outcomes 
 
This section outlines the outcomes of those casualties resulting from motorcycle and 
ATV incidents. It should be noted that this data only relates to hospitalised cases, 
which would exclude any deaths which occurred at the site of the crash or during 
transport to medical treatment. Table 6.31 below presents the discharge status for all 
motorcycle and ATV admissions. The following two tables present the discharge 
status of motorcycle and ATV admissions by traffic status. The majority of all those 
admitted were discharged to their home or usual residence after treatment. In-hospital 
deaths never represented more than 1% of all separations in any traffic status and 
vehicle type combination. In-hospital deaths were however substantially more 
common among traffic motorcyclists compared to non-traffic motorcyclists. 
 
Table 6.31. Hospital admissions by vehicle type and discharge status 
 
  Motorcycle ATV 
Discharge status  n % n % 
       
Home/usual residence  13 700 81.8 805 80.7 
Transfer to other hospital/health facility  2 589 15.5 176 17.6 
Care type change  170 1.0 7 0.7 
Discharged at own risk  147 0.9 -a - 
Died in hospital  83 0.5 - - 
Other  57 0.2 - - 
       
Total  16 746 100.0 998 100.0 
       
a – Counts less than 5 have been suppressed 
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Table 6.32. Motorcycle admissions by discharge status 
 
  Non-traffic  Traffic 
Discharge status  n %  n % 
       
Home/usual residence  5 871 81.4  7 168 81.7
Transfer to other hospital/health facility  1 212 16.8  1 297 14.8
Discharged at own risk  64 0.9  77 0.9
Care type change  33 0.5  129 1.5
Died in hospital  11 0.2  71 0.8
Other  19 0.2  35 2.8
       
Total  7 210 100.0  8 777 100.0
       
 
Table 6.33. ATV admissions by discharge status 
 
  Non-traffic  Traffic 
Discharge status  n %  n % 
       
Home/usual residence  715 81.3  84 75.7
Transfer to other hospital/health facility  151 17.2  18 16.2
Other  13 1.5  9 8.1
       
Total  879 100.0  111 100.0
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6.3 Discussion 
 
The above data analysis of Queensland hospital admissions provides an overview of 
non-traffic (off-road) motorcycle and ATV injuries in the state, and provides 
comparison analyses to the more frequently studied group of on-road motorcyclists. 
The hospitalisation data analysed in the current chapter primarily contained 
information regarding the individual injured rider, with little contextual information. 
These results thus primarily provide an opportunity to address Research Question 4, 
relating to identifying distinct individual characteristics and behaviours related to the 
experience of injury. This is largely limited to identifying characteristics of riders 
which are associated with a high representation of injuries. Since the hospitalisation 
data itself does not provide any information on uninjured riders or participation levels 
by certain groups of riders, determining relative risks related to rider characteristics is 
not possible. A number of key points for discussion are raised by the findings of the 
preceding analysis, some of which are in line with previous research in the field. 
 
6.3.1 Yearly trends 
 
The absolute numbers of motorcycle injuries in both traffic and non-traffic 
circumstances increased over the period studied, though this was highly correlated 
with an increasing number of vehicle sales and registrations. This data provides a 
refinement of the analyses reported by previous studies such as Chong et al. (2010) 
which reported increasing rates of injury using population as the denominator. The 
collection of more specific data regarding frequency of riding, both in on-road and off-
road locations, would assist in further refining these estimates. It is important not to 
solely attribute the increasing burden of injury to motorcyclists as an increased injury 
risk of the behaviour, given that the increase appears to be in line with increased 
exposure. This finding is in line with the self-reported inevitability of injury 
mentioned in the focus groups described in Chapter 5 in that as off-road riding has 
increased, so to has the number of injuries. Considered together, these two findings 
provide evidence supporting Research Question 2, in that substantial healthcare costs 
to society are incurred as a result of off-road riding. 
 
6.3.2 Gender distribution 
 
Males constituted over 90% of all rider casualties. This hospitalisation data 
unfortunately provides no indication of the relative riding involvement of male and 
female riders which could be used to establish an estimate of relative risk between the 
two genders. Evidence from a survey of off-road riders in south-east Queensland 
(Strategic Leisure Group, 2009) has indicated that 89% of respondents were male, 
which if a representative survey, would suggest that the current results are actually 
proportional to riding involvement. There was however a higher proportion of injured 
female ATV riders compared to two-wheel motorcycle riders. It is again difficult to 
tell if this can be attributed to differences in relative exposure between the genders in 
terms of vehicle types used. Despite not being able to determine absolutely the relative 
risks of injury for male and female riders, this finding is an important component of 
Research Question 4. Male riders constitute a majority of all off-road riding injuries, 
and this is likely to be replicated long term and in varying contexts. Research Question 
5b was also given support in identifying that injured ATV riders, who were more 
likely to be riding in an occupational context, were also more likely to be female. The 
off-road rider population profile, constituting Study 4 of this program of research will 
seek to provide further details on the relative off-road usage of ATVs and motorcycles 
for each gender (see Chapter 8). 
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6.3.3  Age distribution 
 
There was a similar age distribution for both traffic and non-traffic hospital 
admissions, with a predominance of younger riders being injured. The primary 
difference between the two populations was the shift towards younger riders being 
injured more often in non-traffic locations. Non-traffic injuries peaked in the 15-19 
years age group, while traffic injuries peaked in the 20-24 years age group. This peak 
in motorcycle traffic injuries is most likely representative of an increased exposure to 
motorcycle use on public roads corresponding to the legal age of licensure in 
Queensland. Though there is no formal age of licensing for off-road vehicle use in 
general (with the potential exception of riding in areas which require permit access 
such as national parks), the age groups highly represented in non-traffic injuries 
correspond to the ages at which a young person can begin to physically control a 
motorcycle and ride without direct assistance. This is evidenced by the fact that the 
age distribution of casualties riding ATVs, which are generally not used in an on-road 
environment, show a very similar pattern to two-wheel motorcycles. Thus, Research 
Question 4 is further addressed in terms of the identification of young adult riders 
being the most highly represented group among injured off-road riders. Combining 
this finding with the above finding that males constitute over 90% of all off-road 
injuries, it can be safely stated that young, male riders are strongly associated with off-
road riding injury. Further details of the risk factors present in off-road riding injuries 
in Queensland will be examined in the following analyses of data from the Rural and 
Remote Road Safety Study (Chapter 7). 
 
6.3.4 Crash characteristics 
 
Non-traffic incidents in particular were typified as single vehicle, non-collision 
incidents. This is particularly worth noting in the context of a motorcyclists’ 
perspective that crash causation can often be attributed to other vehicle users (Bellaby 
& Lawrenson, 2001). This statement is not supported in the context of off-road 
motorcycle use by the current finding. While the specific details and antecedents of 
each crash are not accessible through the hospitalisation data, it can be concluded that 
much of the onus in preventing crashes lies with the individual rider and their 
interactions with the physical environment rather than a second party.  
 
The recreational use of off-road and on-road motorcycles has been previously 
identified in the literature as a key risk factor for injury, and again identified in the 
current analyses as the most highly represented activity at the time of injury. Riding 
for sports and leisure constituted the vast majority of the recorded activities 
undertaken at the time of the injury incident. This finding adds to the supporting 
evidence for Research Question 5 by highlighting that the recreational riding context is 
strongly represented among hospitalised riders. It should however be noted that the 
activity being undertaken at the time of the injury was unspecified for a large 
proportion of the cases. Two potential recommendations can be made regarding this 
lack of data. Firstly, this data limitation should be addressed in future targeted studies 
collecting detailed casualty data such as through interviews. Secondly, further efforts 
should be made to improve hospital data collection at the point of admission to address 
this large proportion of missing data. 
 
Along with identifying individual and behavioural factors, differences in the 
geographical distribution of non-traffic and traffic hospitalisations were also 
identified. While the rural classification of the crash location was not available in the 
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current data, the ARIA+ remoteness indicator was available for the location of the 
admitting hospital. This provides only an indication of the rurality of the incident 
location, as a patient may have been transferred to a hospital in a different location. 
Taking this consideration into account, there was still a higher proportion of non-
traffic compared to traffic injuries admitted to hospitals in ‘Remote’ areas. This again 
adds evidence to Research Question 5, by indicating that the rural context is 
specifically associated with a higher proportion of off-road riding injuries. The 
representativeness of this distribution across the ARIA+ classifications compared to 
the off-road riding population will be able to be addressed once interpreted along with 
estimates of the remoteness distribution to be provided in Chapter 8.  
 
6.3.5 Vehicle user type 
 
Pillion passengers constituted only a very small proportion of injuries for two-wheel 
motorcycle riders but made up 12% of non-traffic and 29% of traffic ATV casualties. 
The risks of carrying pillion passengers on ATVs have been noted in previous 
research, as have the risks of using ATVs on a paved surface (Committee on Accident 
and Poison Prevention, 2000). In line with the known weaknesses in the exact 
determination of vehicle types in the analysed data, the higher proportion of ATV 
pillion riders could also be attributable to seated passengers of side-by-side vehicles 
rather than pillions straddling the vehicle. These two risk factors do however appear to 
be co-occurring, potentially increasing the risk of crashing and injury. Thus, each of 
these risk factors, in isolation and together, should be noted for Research Question 4 as 
being associated with a higher injury risk for off-road riders. 
 
6.3.6 Injury severity 
 
A clear difference was found when comparing traffic and non-traffic motorcyclist 
casualties in relation to ICISS severity scores and length of stay in hospital. Significant 
differences were found for both measures, with significantly lower ICISS and length 
of stay found among non-traffic casualties. This finding is supported by previous 
literature which has identified both a lower risk of fatality and a lower risk of 
Traumatic Brain Injury (TBI) for non-traffic as opposed to traffic motorcyclist 
casualties (Grange, Corbett, & Cotton, 2004). Reasons provided for this difference 
include the slower travelling speeds in a non-traffic setting, softer impact surfaces 
(comparatively soft soil in an off-road environment compared to the bitumen and 
concrete of the roadway environment) and a lower proportion of crashes involving a 
second, larger vehicle. In line with Research Question 3b, this suggests that the off-
road riding context does not typically involve vehicle-to-vehicle interactions. Quddus 
et al (2002) found that for on-road motorcycle crashes, striking another vehicle or 
stationary object led to an increased probability of extensive vehicle damage and 
injury. Non-collision incidents, which made up the majority of the current population 
of off-road riding incidents, had a significantly lower probability of injury and vehicle 
damage. The results of the current analyses would also potentially indicate an even 
larger differential in severity if deaths occurring prior to hospital admission were also 
included in the comparison, which the current data indicates are likely to be more 
common among traffic casualties. This finding of a lower severity compared to on-
road rider casualties should not however lead to underestimating the risks associated 
with off-road riding, in particular the recreational use of such vehicles. There is 
evidence to suggest that while off-road riders may not have the highest rates of any-
severity injury among recreations, that they are at an elevated risk of serious injury 
compared to other recreational activities (Gobbi et al., 2004). The analysis of length of 
stay data additionally indicated longer hospital stays for two-wheel motorcycle 
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casualties compared to ATV casualties. Further analysis using the ICD-derived injury 
severity score (ICISS) did not however find any significant difference between the two 
groups.  
 
There was a low rate of in-hospital mortality for motorcycle crashes, both traffic and 
non-traffic. It is important to note however that a high proportion of the fatalities may 
have occurred at the site of the crash and not resulted in a subsequent admission to 
hospital. Within this limited data, non-traffic motorcycle injuries did however result in 
a lower proportion of fatalities compared to injuries occurring in a traffic context. 
These analyses will be built upon in the following chapter, which analyses casualty 
data collected from hospitals and other sources such as coroner’s reports. 
 
6.3.7 Body region of injury 
 
Lower leg injuries were the modal injury type among non-traffic casualties, with a 
similar pattern of injured body regions also noted for traffic motorcyclist casualties. 
However, when grouping injured body regions together, upper and lower extremities 
(i.e. legs/feet and arms/hands respectively) were represented approximately equally as 
the most common body regions injured compared to head/neck and trunk injuries. 
While injuries to the lower limb are generally classified as low severity due to minimal 
risk-to-life, their frequent representation and relatively high resulting length of stay 
contribute substantially to burden of injury from off-road riding. As outlined in the 
literature review (Clarke & Langley, 1995; MacKenzie et al., 2006), the potential for 
lower limb injuries to contribute to life-long disability also reinforces the significant 
injury burden contributed to by off-road riding (Research Question 2). 
 
6.4 Chapter Summary 
 
The current chapter presented an analysis of administratively collected hospital 
admissions data regarding off-road, non-traffic riders in Queensland. A comparison to 
hospitalisations resulting from on-road, traffic events was provided to highlight the 
unique characteristics of off-road riders. A number of the findings from the analyses 
addressed the research questions presented in Chapter 4. The trend in the number of 
hospitalisations suggested an increasing burden of injury due to off-road riding, 
though the total number was correlated strongly to the proxy exposure measure of 
vehicle sales. In line with the previous literature, the dominant contribution of young, 
male riders was again identified. Akin to the relationship between number of injuries 
and sales, this may largely be accounted for by the greater participation of this rider 
group in off-road riding. Riding for ‘sports and leisure’ purposes was noted as 
representing a majority of all injuries with a recorded activity at the time of the crash. 
A greater proportion of hospitalisations admitted to rural hospitals was also noted 
among off-road compared to on-road casualties. Off-road rider hospitalisations were 
typified as having a lower injury severity than on-road hospitalisations, with the 
typical injury type being extremity injuries to the upper and lower limbs. The 
following chapter’s detailed analysis of serious, casualties from a sub-sample of this 
hospitalised population expand on these findings. 
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7 Rural and Remote Serious Injury Analyses 
 
This chapter presents analyses of a subset of the data collected as part of the Rural and 
Remote Road Safety Study (RRRSS) conducted in north Queensland. The data in the 
current chapter is drawn from the same cases analysed in the preceding chapter, 
though subset to serious motorcycle and ATV injury cases in the north Queensland 
region. The RRRSS was a targeted, prospective study of vehicle crashes undertaken 
between 2003 and 2008 (Sheehan et al., 2008). The study collected detailed 
information regarding off-road crashes from a number of sources, including clinical 
hospital data, emergency services records, patient interviews, police reports and 
coronial data. Thus, unlike the population analyses afforded using administrative data, 
this study involved a smaller sample but collected a wider range of data. 
 
The serious, rural crashes which were in-scope for collection in the RRRSS are an 
important data source for a number of reasons. Off-road riding injuries have been 
noted in past literature and the analyses in the previous chapter as being both 
overrepresented and highly represented in rural locations (Dempsey et al., 2005; C.F. 
Finch et al., 2003). Thus, it is important to review rural riding crashes as a key 
contributor to the total injury burden and as a potential high-risk group which could be 
targeted for intervention. The RRRSS also only collected information on  
hospitalisations with a hospital length of stay of 24 hours or greater. Studying serious 
injuries separately to all hospital admissions is important as these longer-stay injuries 
are likely to be those incurring the greatest costs to the public health system (Zook & 
Moore, 1980). In turn, interventions targeting riders more likely to be seriously injured 
would potentially have a greater return on investment. The results of these analyses are 
also important in terms of providing a comparison to the overall injury figures 
presented in the previous chapter. Identifying the unique characteristics of the most 
serious crashes will allow them to be targeted more efficiently in any proposed 
intervention. An overall method outlining the data collection for the whole RRRSS is 
presented first, followed by the specific methods used to identify the cases used for the 
following analyses. 
 
7.1 Overall Method 
 
7.1.1 Scope 
 
The Rural and Remote Road Safety Study collected data regarding land-transport 
crashes in the North Queensland region between 1st March 2004 and 30th June 2007 
inclusive. The study region encompassed the three Australian Bureau of Statistics 
(ABS) Statistical Divisions of ‘Northern’, ‘North-west’ and ‘Far North,’ excluding the 
urban areas (‘Part A’) near the metropolitan centres of Cairns, Townsville and 
Thuringowa. The total study area was over 660,000km2. Participants were identified 
by researchers based at each of the four major catchment hospitals likely to treat 
serious injury cases in the region. These were namely Cairns Base Hospital, The 
Townsville Hospital, Mount Isa Hospital and Atherton Hospital. 
 
Vehicle controllers and passengers of all passenger vehicles, heavy vehicles, bicycles, 
motorcycles and all-terrain vehicles (ATVs), as well as pedestrians struck by vehicles, 
were included in the data collection. Persons injured while using dedicated farm, 
industrial or construction machinery such as tractors, forklifts or cranes were excluded 
from the study. Unlike the administrative hospitalisation data in the previous chapter, 
only four-wheel, traditional quadbike forms of ATV were included in the analyses, 
rather than side-by-side vehicles or other off-road variants. Cases were collected for 
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crashes occurring in both on-road and off-road locations. 
 
7.1.2 Participants 
 
Data was collected regarding all crashes directly resulting from the use of the vehicles 
listed in the scope section above, including casualty details for fatalities and serious 
injuries resulting from the crashes. Serious injuries for this study were defined as those 
admitted to one of the catchment hospitals for a period of 24 hours or more. Eligible 
cases included all fatalities or serious injuries aged 16 years or above. Multiple 
casualties from a single crash were interviewed in some instances. No interview data 
was collected from seriously injured casualties involved in a crash resulting in a 
fatality. 
 
7.1.3  Procedure 
 
A daily review of admissions to each of the hospitals was undertaken by medical staff 
who provided these details to research staff based on-site. Where possible, research 
staff approached eligible patients while in hospital to undertake an interview. Patients 
involved in a crash which had resulted in a fatality were not approached to take part in 
the interviews. Consenting participants completed a standardised, verbally 
administered survey taking approximately 45 minutes to complete which collected 
information including the casualties’ demographics, alcohol and drug use, road safety 
attitudes and behaviours as well as a narrative report of the circumstances surrounding 
the crash. In a minority of cases a participant consented to take part in the study but was 
unable to be interviewed in hospital. These participants were interviewed via telephone at 
a later time or completed a provided hard copy of the survey and returned the 
questionnaire to the research team via mail. 
 
Electronic versions of the complete set of questionnaires used in the study are freely 
available on the internet (CARRS-Q, 2012) and are not reproduced within this 
document4. Where the participant consented, available data on the injury profile and 
treatments administered to casualties was collected from medical records kept by the 
treating facility. Additional information regarding emergency services’ trips 
(ambulance, medical helicopter) used for patient transport to hospital were sourced 
from the Queensland Ambulance Service (when not present in the medical records for 
the patient). 
 
A full chart audit of admission records from Cairns Base Hospital and The Townsville 
Hospital was undertaken at the end of the study to identify and collect any available 
data on serious casualties who were not able to be otherwise identified during the 
study period. This data was added to the overall crash database for the study. 
Additional information regarding all nominally on-road crashes and casualties was 
sourced from crash reports recorded in the Queensland Transport Road Crash 
Database (QTRCD). 
 
Further details regarding the circumstances of fatal crashes and the resultant casualties 
were primarily sourced through the state Coroner. The research team had negotiated 
an agreement with the Coroner at the start of the study to use finalised death reports to 
inform the study. The names and birth dates of fatally injured persons were provided 
to the research team through contacts within the Queensland Police Service (QPS) or 
sourced from police media releases or newspaper reports. These person details were in 
turn used to apply to the state Coroner for access to the report, which was then granted 
                                                 
4 See: http://www.carrsq.qut.edu.au/research/Rural_and_Remote_Questionnaires.jsp  
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when appropriate. Clinical data was accessed via the hospital admissions records for 
those fatally injured individuals who died in hospital, but this data was not available 
for those casualties that died at the scene of the crash or prior to being transferred to a 
medical facility.  
 
A small number of additional pilot study cases collected before the official start of the 
RRRSS and not included in the major study, were added to the sample of cases 
reviewed for inclusion in the current analyses. 
  
7.2 Specific Method 
 
7.2.1 Scope 
 
The current analyses utilised a smaller subset of the above data, specifically 
identifying those crashes occurring in an off-road location. Off-road crashes were 
defined as those occurring away from public roads in locations such as private 
property, national parks, trails, quarries and farms. An inclusive scope was however 
used which included a small number of crashes where the motorcycle riding was 
taking place in a strictly ‘road’ context (i.e. – on a public street or highway, or their 
immediate surrounds) but the behaviour of the rider was not associated with what 
would normally be considered on-road travel. An example of this was a crash that 
occurred with a rider using an off-road motorcycle model on the shoulder of a dirt 
road, jumping a mound of dirt. Those cases for which no information regarding the 
location of the crash was provided or for which there was insufficient information to 
classify the crash as either on-road or off-road were excluded from the analyses. 
Figure 7.1 below outlines the characteristics of the total number of cases in each data 
type in the RRRSS and the subsequent subset which forms the basis of the following 
analyses.  
 
 
Main RRRSS Data  RRRSS Pilot Study Data  Final Sample 
Data type 
Mcyc. 
& 
ATVs 
On‐ 
road 
Off‐ 
road  Unspec.
On‐ 
road 
Off‐
road Unspec. 
On‐ 
road 
Off‐ 
road 
Crashes  308  150  144  14 + 1 9 1  =  151  153
Casualties  319  160  145  14 + 1 9 1  =  161  154
Clinical  294  138  142  14 + 0 0 0  =  138  142
Interview  170  85  85  0 + 1 9 1  =  86  94
 
Figure 7.1. RRRSS Sample characteristics and selection of current samples 
 
The ‘Crashes’ figure represents the number of actual crash events which resulted in 
serious injuries or fatalities. The total number of ‘Crashes’ represents all those 
incidents meeting the study criteria, regardless of whether the resultant casualties died 
prior to hospital admission or were interviewed. The  ‘Casualties’ figure represents the 
total number of injured persons meeting the study criteria which resulted from the 
‘Crashes.’ As such, this number is greater than the total number of ‘Crashes’ as 
multiple casualties may have resulted from a single incident. The ‘Clinical’ figure 
represents the number  of chart reports regarding ‘Casualties’ which were able to be 
accessed through the hospital. This number of ‘Clinical’ reports is less than the total 
number of ‘Casualties’ due to the unavailability of charts, patient refusal to allow 
access to their data or the fact that some patients died at the scene of the crash or 
otherwise prior to being admitted to hospital. The ‘Interview’ data is a subset of those 
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‘Casualties’ who were admitted to hospital and were able to be interviewed. Patients 
may not have been interviewed for a number of reasons such as their medical 
condition, refusal to participate or having been discharged before researchers could 
make contact. 
 
7.3 Results 
 
7.3.1 Crash overview 
 
An overview of the number of serious motorcycle and ATV crashes by road status is 
shown below by crash severity (fatal or hospitalisation), as determined by the injury 
severity of the most seriously injured casualty directly resulting from the crash.  
 
Table 7.1. RRRSS: Crash severity by vehicle type  
 
  Motorcycle  
  On-road Off-road ATV 
Crash severity  n % n % n % 
          
Fatal  22 14.6 1 0.9 0 0.0 
Hospitalisation  129 85.4 109 99.1 43 100.0 
          
Total  151 100.0 110 100.0 43 100.0 
          
 
All ATV crashes occurred within an off-road context and are thus not presented 
separately in following analyses. Only one fatal crash occurred among off-road 
motorcyclists, with a significantly higher percentage of on-road crashes resulting in a 
fatality compared to off-road crashes (χ2(1) = 13.1, p = <.001). 
 
7.3.2 Crash characteristics 
 
The general characteristics of the crashes by vehicle type are shown in the following 
tables. The below table shows the number of agents involved in each crash. In this 
context, ‘agent’ refers to another contributing party to the crash such as another 
vehicle, a pedestrian or an animal. 
 
Table 7.2. RRRSS: Number of agents involved by vehicle type 
 
  Motorcycle   
  On-road1 Off-road ATV 
Crash severity  n % n % n % 
          
Single agent  102 67.5 107 97.3 43 100.0 
Multi-agent  49 32.5 3 2.7 0 0.0 
          
Total  151 100.0 110 100.0 43 100.0 
          
1 - On-road vs. off-road motorcycles: χ2(1) = 33.4, p = <.001 
 
While very few of the off-road motorcycle or ATV crashes involved another 
contributing agent, multiple vehicles were involved in a third of on-road motorcycle 
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crashes. The following tables outline the temporal distribution of crashes by vehicle 
type. Figure 7.2 below show the relative proportions of crashes occurring in each 
season. 
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Figure 7.2. RRRSS: Season of crash occurrence by vehicle type 
 
While crashes were represented substantially in each season, peak representations 
were in autumn for off-road motorcycle crashes, winter for on-road crashes and 
summer for ATVs. The distribution of crashes across the seasons for each of the three 
crash types did not differ significantly, χ2(3) = 8.1, p = .23. The climate of the north 
Queensland region from which this data was sourced should be kept in mind when 
interpreting these results. The summer period in north Queensland is associated with 
hot temperatures, high humidity and high levels of monsoonal rainfall specifically in 
the far northern region (Bureau of Meteorology, 2012). The distribution of crashes by 
day of week is shown below in Figure 7.3. 
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Figure 7.3. RRRSS: Day of week of crash by vehicle type 
 
The proportion of crashes occurring on each day of the week differed for on-road 
motorcycles (χ2(6) = 25.8, p < .001) and off-road motorcyclists (χ2(6) = 27.5, p < .001) 
but not for ATVs (χ2(6) = 3.7, p = .71). There was a distinct higher representation of 
crashes occurring on the weekend (Saturday and Sunday) for both on and off-road 
motorcycles, though this was not apparent for ATV crashes. Off-road motorcycles also 
had a greater proportion of crashes occurring on Friday compared to on-road 
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motorcycles. The distribution of crashes between weekdays (Monday to Friday) and 
the weekend (Saturday and Sunday) did not differ at a statistically significant level 
when comparing on- and off-road motorcycle crashes, (χ2(1) = 0.0, p = .84), or 
comparing all motorcyclist crashes to ATV crashes, (χ2(1) = 3.7, p = .06). Crashes by 
the broad time of day are shown in the figure below. 
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Figure 7.4.  RRRSS: Time of day (grouped) by vehicle type 
 
The distribution of crashes across the four time periods was not significantly different 
across the three vehicle types, χ2(6) = 8.8, p = .18. The majority of crashes for all 
vehicle types occurred in the 6 hour period between midday and 6pm. This likely 
coincides with the general operating hours of the vehicles and may just represent 
exposure. As many off-road motorcycles are known not to have typical on-road 
features such as headlights, the differences in crash representation during daylight and 
night-time hours were also compared. On-road motorcycle crashes were significantly 
more likely to occur in the low-light hours between 6pm and 6am compared to off-
road motorcycle crashes (27.8% vs. 12.7%, χ2(2) = 3.78, p = .05). 
 
7.3.3 Casualty overview 
 
This section describes the broad characteristics of the casualties resulting from the 
above described crashes. The below table shows the relative numbers of fatalities and 
serious hospitalisations by each vehicle type. 
 
Table 7.3. RRRSS: Casualties by casualty severity and vehicle type 
 
  Motorcycle    
  On-road1 Off-road  ATV 
Casualty severity  n % n %  n % 
          
Fatality  23 14.3 1 0.9  0 0.0
Hospitalisation  138 85.7 110 99.1  43 100.0
          
Total  161 100.0 111 100.0  43 100.0
          
1 - On-road vs. off-road motorcycles: χ2(1) = 13.0, p < .001.  
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As can be seen one fatality resulted from either an off-road motorcycle or ATV 
incident, while 14.3% of the on-road motorcycle casualties were fatalities. This again 
highlights the greater risk of serious injury and death when comparing on-road and 
off-road riders. The gender distribution within each group is shown in Table 7.4 
below.  
 
Table 7.4. RRRSS: Casualties by gender and vehicle type 
 
  Motorcycle   
  On-road1 Off-road ATV 
Gender  n % n % n % 
          
Male  146 91.3 105 96.3 31 72.1 
Female  14 8.8 4 3.7 12 27.9 
          
Valid Total  160 100.0 109 100.0 43 100.0 
          
Not recorded  1 0.6 2 1.8 0 0.0 
          
Total  161 100.0 111 100.0 43 100.0 
          
1 - Comparison across all 3 groups: χ2(2) = 21.1, p < .001 
 
Male casualties predominated for all vehicle types, with this being most pronounced 
for the motorcycle crashes, in particular off-road crashes. A higher proportion of 
injured ATV riders were female compared to both on- and off-road motorcycle 
casualties, with the distribution across the three vehicle types being statistically 
different. The age distribution of injured riders is shown below in Table 7.5 and Figure 
7.5. 
 
Table 7.5. RRRSS: Casualties by age group and vehicle type 
 
  Motorcycle   
  On-road Off-road ATV 
Age group (years)  n % n % n % 
          
16-24  43 27.2 33 30.3 12 27.9 
25-34  35 22.2 42 38.5 8 18.6 
35-44  39 24.7 19 17.4 9 20.9 
45-54  23 14.6 11 10.1 5 11.6 
55-64  14 8.9 4 3.7 6 14.0 
65+  4 2.5 0 0.0 3 7.0 
          
Valid Total  158 100.0 109 100.0 43 100.0 
          
Not specified  3 1.9 2 1.8 0 0.0 
          
Total  161 100.0 111 100.0 43 100.0 
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Figure 7.5. RRRSS: Casualties by age and vehicle type 
 
Off-road motorcycle casualties were more likely to be in the younger age groups, 
particularly the 25-34 years age group. Injured ATV riders were comparatively more 
likely to be in those groups above 55 years of age. Linear-by-linear association tests 
identified significant differences in the age distributions between off-road and on-road 
motorcycle casualties, χ2(1) = 7.8, p < .01, and off-road and ATV rider casualties, 
χ2(1) = 8.4, p < .01. 
 
Table 7.6. RRRSS: Casualties by Indigenous status and vehicle type 
 
  Motorcycle    
  On-road Off-road  ATV 
Indigenous status  n % n %  n % 
          
Non-Indigenous  157 97.5 102 96.2  2 4.9 
Indigenous  4 2.5 4 3.8  39 95.1 
          
Valid Total  161 100.0 106 100.0  41 100.0 
          
Not specified  0 0.0 5 4.5  2 4.7 
          
Total  161 100.0 111 100.0  43 100.0 
          
 
A small proportion of all casualties identified as Indigenous, with no significant 
difference in representation between the three groups, χ2(2) = 0.7, p = .69. The 
Indigenous representation in the current data was comparable to the 3.6% Indigenous 
representation for Queensland reported by the Australian Bureau of Statistics in the 
2006 Census (Australian Bureau of Statistics, 2007). By comparison, the Indigenous 
population proportion in the specific north Queensland study area from which these 
cases was drawn was 10.8%, signalling that Indigenous people were underrepresented 
among both on-road and off-road motorcycle casualties. 
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Table 7.7. RRRSS: Casualties by user type and vehicle type  
 
 Motorcycle   
 On-road Off-road ATV 
User type n % n % n % 
          
Rider 151 93.8 109 98.2 40 93.0 
Pillion 10 6.2 2 1.8 3 7.0 
          
Total 161 100.0 111 100.0 43 100.0 
          
 
Almost all serious casualties were to the rider as opposed to pillion passengers across 
all three casualty groups, with no significant difference in the distribution between the 
three groups, χ2(2) = 3.4, p < .19. 
 
7.3.4 Clinical data 
 
The following section reports on details collected from clinical data records relating to 
the patients’ stay in hospital. As injury data was not able to be collected for a small 
proportion of cases in the main study, and was not collected for the pilot cases, the 
totals within each group in this section are less than those reported in the preceding 
casualty-level analyses. 
 
  
Patient outcome and length of stay. The below table shows the discharge 
status of those casualties for which medical records were available. 
 
Table 7.8. RRRSS: Casualties by discharge status and vehicle type  
 
  Motorcycle   
  On-road Off-road ATV 
Discharge status  n % n % n % 
          
Home  102 77.3 91 89.2 38 95.0 
To other hospital / treatmenta  28 21.2 11 10.8 2 5.0 
Died  2 1.5 0 0.0 0 0.0 
          
Valid Total   132 100.0 102 100.0 40 100.0 
          
Unspecified  1 0.7 0 0.0 0 0.0 
Missing  5 3.6 0 0.0 0 0.0 
          
Total  138 100.0 102 100.0 40 100.0 
          
a - ‘Other treatment’ includes transfer to a rehabilitation or spinal ward 
 
Although it was noted in previous tables that on-road motorcyclist casualties were 
significantly more likely to die as a result of a crash, the majority of these deaths did 
not occur after admission to the hospital. On-road motorcyclists were however more 
likely than off-road motorcyclists to be transferred to another hospital or other medical 
treatment, highlighting their potentially greater injury severity and requirement for 
more extensive treatment. The total time spent admitted to hospital has been 
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previously used as a proxy measure of injury severity. The length of stay in hospital by 
vehicle type is shown below in Table 7.9. 
 
Table 7.9. RRRSS: Casualties by length of stay and vehicle type  
 
 Motorcycle   
Length of Stay (days) On-road Off-road  ATV 
       
n 138 102  40 
Mean 9.6 6.5  6.3 
Standard Dev. 14.8 6.7  6.2 
       
Median 5 4  4 
Interquartile range 3 - 10 3 - 7  2.75 – 8 
     
 
Consistent with the results from the previous chapter analysing Queensland-wide 
hospitalisations, on-road motorcyclists spent significantly longer in hospital than did 
off-road motorcyclists, with a greater range of length of stay. The distributions of the 
on-road and off-road length of stays were markedly different in terms of their 
variance, so the non-parametric Wilcoxon rank sum test was used. While their 
appeared to be a difference between the lengths of stay, the comparison failed to reach 
the accepted level of statistical significance, Z= 1.92, p=.053. 
 
Table 7.10. RRRSS: Casualties by intensive care unit admission and vehicle type  
 
  Motorcycle   
  On-road Off-road ATV 
ICU Admission  n % n % n % 
          
Yes  26 18.8 6 5.9 5 12.5 
No  112 81.2 96 94.1 35 87.5 
          
Valid Total  138 100.0 102 100.0 40 100.0 
          
 
There was a higher proportion of on-road casualties admitted to the intensive care unit 
(ICU) compared to off-road casualties, with ATV rider casualties being admitted at a 
rate between that for the on- and off-road motorcycle casualties. A chi-square test 
across the three vehicle types identified a significant difference in the proportion of 
casualties admitted to the ICU, χ2(2) = 8.6, p = <.05. 
 
 Alcohol and drug use. The determination of the presence of alcohol or drugs at 
the time of admission was gleaned from notes recorded on the patient charts in a 
review process undertaken as part of the RRRSS. Thus, the presence of alcohol or 
drugs may have only been recorded when it was of clinical relevance to the medical 
treatment provided, and should only be interpreted as indicative of the contribution of 
alcohol to the crash. The following tables show the number of cases reported as having 
either alcohol or drugs present at time of admission by the three casualty types. 
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Table 7.11. RRRSS: Casualties by detected alcohol in emergency department and 
vehicle type 
 
  Motorcycle  
  On-road Off-road ATV 
Alcohol in ED  n % n % n % 
          
Yes  12 10.0 9 10.7 8 20.0 
No  108 90.0 75 89.3 32 80.0 
          
Valid Total  120 100.0 84 100.0 40 100.0 
          
Not known  18 13.0 18 18.8 0 0.0 
          
Total  138 100.0 102 100.0 40 100.0 
          
 
Alcohol was reported in the emergency department in a minority of cases, with no 
significant differences found between the proportion detected between on- and off-
road motorcyclists, χ2(1) = 0.01, p = .94 A greater proportion of ATV users were 
detected with alcohol than the two motorcycle groups combined, though not 
significantly so, χ2(1) = 2.15, p = .14.  
 
Table 7.12. RRRSS: Casualties by detected drug use in emergency department and 
vehicle type  
 
  Motorcycle   
  On-road Off-road ATV 
Drugs in ED  n % n % n % 
          
Yes  4 2.9 0 0.0 1 2.5 
No  134 97.1 102 100.0 39 97.5 
          
Total  138 100.0 102 100.0 40 100.0 
          
 
A much smaller proportion of casualties were detected with any illicit drug in the 
emergency department across all three vehicle types, with no significant difference 
between the three groups, χ2(2) = 2.94, p = .23. The positive illicit drug cases were all 
related to marijuana use.  
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Body region of injury. The pattern of injuries across each body region incurred 
by casualties is shown in the following two figures. 
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Figure 7.6.  RRRSS: Casualties by injury location and vehicle type 
 
Lower limb injuries were the most highly represented injury type for both groups of 
motorcyclist casualties and ATV casualties. The high representation of lower limb 
injuries was most pronounced among the on- and off-road motorcyclist casualties, 
while injuries to ATV casualties were spread across all body regions to a greater 
degree. Off-road motorcyclists were more likely to only have a lower limb injury with 
no other region injured (43.1%), compared to on-road motorcyclists (22.5%) and ATV 
riders (15.0%). These results are thus similar to the pattern of injuries described in the 
previous chapter’s analysis of Queensland hospitalisations, where ATV rider injuries 
were more evenly represented across the body, rather than being concentrated to the 
limbs. Figure 7.7 below expands on this analysis by analysing the body region of 
fractures only. 
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Figure 7.7.  RRRSS: Casualties by fracture location and vehicle type 
 
The distribution of fractures across body regions was very similar to all injuries, with 
lower limb breaks predominating, particularly for off-road motorcyclist casualties. 
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Emergency services response times. As part of the RRRSS, data was also 
collected from the Queensland Ambulance Service (QAS) regarding the response 
times of any emergency services that were notified after the crash occurring. These 
statistics were reported for three time frames: ‘Notification to on scene,’ the time taken 
from receiving a call-out to arriving at the crash scene; ‘On scene to destination,’ the 
time taken from arriving at the crash scene to returning to the hospital or treatment 
facility, and ‘Notification to destination’; the complete time from receiving the initial 
call-out until a casualty’s arrival at hospital. 
 
Table 7.13. RRRSS: Casualties by ambulance service response time and vehicle type  
 
  Motorcycle  
Statistic (minutes)  On-road1 Off-road2 ATV 
       
Notification to on scene   
       
Mean  18.8 31.8 34.4 
Standard Dev.  21.1 37.2 39.5 
       
Median  12 20 23 
Interquartile range  7 - 23 10 - 37 8 - 34 
       
On scene to destination   
       
Mean  59.4 90.3 74.5 
Standard Dev.  42.3 67.5 64.1 
       
Median  48 64 56 
Interquartile range  33 - 70 49 - 119 43 - 111 
       
Notification to destination   
       
Mean  77.6 122.5 108.9 
Standard Dev.  53.5 93.2 98.6 
       
Median  61 89 79 
Interquartile range  43 - 93 71 - 146 60 - 160 
       
1 - On-road, n =  
2 - Off-road, n =   
 
The QAS response times were consistently longer in all reported time frames for off-
road motorcyclist casualties as compared to on-road motorcyclist casualties. These 
differences were found to be significant using non-parametric Wilcoxon rank sum 
tests for the ‘Notification to on scene’ interval, Z = 2.2, p < .05 but not for either the 
‘On scene to destination’ interval, Z = 1.3, p = .20, or the ‘Notification to destination’ 
interval, Z = 1.8, p = .07. This highlights the key difference between the emergency 
response times for on- and off-road motorcycle incidents as being the time taken to 
reach the crash site (or to the point where the patient has been moved). No significant 
differences were found comparing the response times for off-road motorcyclist crashes 
and ATV crashes for the ‘Notification to on scene’ interval, Z = 0.7, p = .47, ‘On 
scene to destination’ interval, Z = 0.3, p = .79 or ‘Notification to destination’ interval, 
Z = 0.4, p = .70.  
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7.3.5 Interview data 
 
The following section presents data collected as part of interviews undertaken with 
motorcyclist and ATV casualties. This group is a subset of the entire sample of 
casualties who were capable of being interviewed and gave their informed consent to 
take part in the study. Some brief demographics for comparison with the total study 
sample are presented below. The age and gender distribution of interviewed casualties 
was similar to the overall sample of serious casualties included in the Rural and 
Remote Road Safety Study. The crash types from which these interviews were drawn 
were also similar to the complete sample. This section instead focuses on presenting 
crash and casualty data over and above that able to be collected by routine secondary 
datasets such as rider characteristics, crash circumstances, vehicle characteristics, 
previous behaviours and post-crash response.  
 
Rider characteristics. Additional variables were available regarding the 
educational and employment characteristics of the injured riders. The three tables 
below describe the highest education level, employment status and occupation type of 
casualties by each vehicle type. Occupations were grouped using the ABS’ Australian 
Standard Classification of Occupations (Australian Bureau of Statistics, 1997a). 
 
Table 7.14. RRRSS: Interviewed casualties by employment status and vehicle type 
  
  Motorcycle    
  On-road Off-road  ATV 
Highest education level  n % n %  n % 
          
Year 8 or less  6 7.2 1 1.4  3 15.8 
Year 10   24 28.9 23 32.4  5 26.3 
Year 12  10 12.0 12 16.9  5 26.3 
Trade/Apprenticeship  17 20.5 19 26.8  1 5.3 
Certificate/Diploma  18 21.7 12 16.9  4 21.1 
Bachelors or higher  8 9.6 4 5.6  1 5.3 
          
Valid Total  83 100.0 71 100.0  19 100.0 
          
Missing  3 0.0 2 1.4  2 0.0 
          
Total  86 100.0 73 100.0  21 100.0 
          
 
In terms of formal qualifications, 2006 Census statistics from the ABS show that 
approximately 10% of the north Queensland region residents had a Bachelor’s degree, 
and 8% had a highest education level of Year 8 or less.  
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Table 7.15. RRRSS: Interviewed casualties by employment status and vehicle type 
  
  Motorcycle   
  On-road Off-road ATV 
Employment status  n % n % n % 
          
Full-time  61 70.9 53 73.6 16 76.2 
Part-time  9 10.5 3 4.2 2 9.5 
Casual  9 10.5 13 18.1 1 4.8 
Unemployed/welfare  4 4.7 2 2.8 1 4.8 
Retired  2 2.3 1 1.4 0 0.0 
Other  1 1.2 0 0.0 1 4.8 
          
Valid Total  86 100.0 72 100.0 21 100.0 
          
Missing  0 0.0 1 1.4 0 0.0 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
Table 7.16. RRRSS: Interviewed casualties by occupation and vehicle type 
  
  Motorcycle   
  On-road Off-road ATV 
Occupation  n % n % n % 
          
Labourers and related  15 18.1 20 29.4 10 50.0 
Tradesperson  19 22.9 19 27.9 0 0.0 
Production and transport  12 14.5 14 20.6 1 5.0 
Managers/Professionals  24 28.9 8 11.8 8 40.0 
Clerical, sales, service  13 15.7 7 10.3 1 5.0 
          
Valid Total  83 100.0 68 100.0 20 100.0 
          
Missing  3 3.5 5 6.8 1 4.8 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
Most of the interviewed casualties across the three groups reported being employed 
full-time, with a mix of occupations represented. Labourers were more common 
among off-road motorcyclists, and particularly among ATV riders, compared to on-
road motorcyclists. It should be noted that in the ABS classification, those people 
managing a farm are coded under ‘Managers/Professionals’ and not amongst the 
‘Labourers and related’ grouping. 
 
Riders were also asked whether they had resumed riding after a break of at least five 
years. A similar proportion of ‘returned riders’ were present in each of the groups of 
injured riders. No statistically significant differences were found comparing the 
proportion of returned riders across each of the groups, χ2(2) = 0.2, p = .93. 
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Table 7.17. RRRSS: Interviewed casualties by resuming riding after 5 year break and 
vehicle type 
  
  Motorcycle   
  On-road Off-road ATV 
Returned rider?  n % n % n % 
          
Yes  15 17.4 12 18.8 3 15.0 
No  71 82.6 52 81.3 17 85.0 
          
Valid Total  86 100.0 64 100.0 20 100.0 
          
Missing  0 0.0 9 12.3 1 4.8 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
Crash circumstances. A number of items regarding the circumstances and 
behaviours immediately prior to and during the crash event were included in the 
survey instrument. The self-reported reason for the trip resulting in the crash is shown 
below in Table 7.18.  
 
Table 7.18. RRRSS: Interviewed casualties by trip reason and vehicle type 
  
  Motorcycle   
  On-road Off-road  ATV 
Trip reason  n % n %  n % 
          
Leisure/holiday  52 61.2 45 70.3  8 40.0
Part of your job  1 1.2 14 21.9  9 45.0
To/from work  15 17.6 0 0.0  0 0.0
Other  17 20.0 5 7.8  3 15.0
          
Valid Total  85 100.0 64 100.0  20 100.0
          
Missing  1 1.2 9 12.3  1 4.8
          
Total  86 100.0 73 100.0  21 100.0
          
 
Riding for leisure was the most commonly reported trip reason among on-road and 
off-road motorcyclist casualties, while ATV riders were split more evenly between 
work and leisure riding. No significant difference was found when comparing the rates 
of leisure riding vs. other riding between on- and off-road motorcyclists, χ2(1) = 1.0, p 
= .32. A significant difference was however found comparing the proportion of leisure 
vs. other riding between ATV riders and off-road motorcyclists, χ2(1) = 4.8, p < .03. 
 
The frequency of travelling on the ‘road’ where the crash occurred is shown below. In 
the instance of off-road and ATV crashes, this was the frequency of travelling in the 
area in which the crash occurred.   
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Table 7.19. RRRSS: Interviewed casualties by frequency of travelling in area and 
vehicle type 
  
  Motorcycle   
  On-road Off-road ATV 
Frequency of travelling  n % n % n % 
          
First time  20 23.5 4 6.3 1 5.0 
Less than once a year  15 17.6 14 21.9 3 15.0 
Yearly  10 11.8 6 9.4 4 20.0 
Monthly  9 10.6 6 9.4 4 20.0 
Weekly  6 7.1 7 10.9 1 5.0 
Daily  25 29.4 27 42.2 7 35.0 
          
Valid Total  85 100.0 64 100.0 20 100.0 
     7     
Missing  1 1.2 9 12.3 1 4.8 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
A bi-modal distribution of travel frequency was noted amongst motorcyclists, with a 
high representation of both those who rode in the area infrequently and those who rode 
there on a daily basis. This is indicative of both experienced and inexperienced riders 
being represented within the crash population. 
 
Helmet use. Helmets were worn by the majority of motorcyclists, though 
slightly less often by injured off-road motorcyclists as shown in the table below. On 
the other hand, nearly two-thirds of the interviewed ATV riders reported not wearing a 
helmet. 
 
Table 7.20. RRRSS: Interviewed casualties by helmet use and vehicle type 
  
 Motorcycle   
 On-road Off-road ATV 
Helmet use n % n % n % 
          
Worn 76 90.5 61 87.1 7 35.0 
Not worn 8 9.5 9 12.9 13 65.0 
          
Valid Total 84 100.0 70 100.0 20 100.0 
          
Missing 2 2.3 3 4.1 1 4.8 
          
Total 86 100.0 73 100.0 21 100.0 
          
 
No statistically significant difference was found comparing on- and off-road 
motorcyclists’ helmet wearing proportions, χ2(1) = 0.2, p = .69. A significant 
difference was however found when comparing the proportion of helmet wearing 
between off-road motorcyclists and ATV riders, χ2(1) = 20.2, p < .001. 
 
Licence status and experience. The majority of riders reported being licensed to 
ride the crash vehicle, though off-road riders were significantly less likely to be 
licensed than on-road motorcyclists (χ2(1) = 5.6, p < .05.). No difference was found 
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when comparing off-road motorcyclists and ATV riders (χ2(1) = 0.0, p = .96).  
 
Table 7.21. RRRSS: Interviewed casualties by licensed to ride vehicle and vehicle type 
  
 Motorcycle    
 On-road Off-road  ATV 
Licensed to ride vehicle n % n %  n % 
          
Yes 74 87.1 44 69.8  11 73.3 
No 11 12.9 19 30.2  4 26.7 
          
Valid Total 85 100.0 63 100.0  15 100.0 
          
Missing 1 1.2 10 13.7  6 28.6 
          
Total 86 100.0 73 100.0  21 100.0 
          
 
It should be noted in interpreting this data that a driver’s licence is not required to ride 
a vehicle off-road in Queensland on private property. Practically all ATVs and many 
off-road motorcycle models can not be legally used in an on-road setting, regardless of 
what licences a rider may hold (apart from restricted or limited access). As such, 
respondents’ answers here may be only indicative of whether they held a motorcycle 
licence. The substantial proportion of missing responses for off-road motorcycle and 
ATV riders may also reflect the ambiguity of this particular question. As a point of 
comparison, 5.5% of motorcyclists involved in all-severity, police-reported, on-road 
crashes in Queensland for the period 2007 to 2011 did not hold an appropriate licence 
(Blackman & Haworth, 2013). The figures tabled above suggest that seriously injured 
on-road riders are more likely to be unlicensed in a rural and remote region sample, 
with off-road and ATV riders having even lower rates of licensing. 
 
Table 7.22. RRRSS: Interviewed casualties by experience riding vehicle and vehicle 
type 
  
  Motorcycle    
  On-road Off-road  ATV 
Experience riding vehicle  n % n %  n % 
          
1 year or less  30 36.1 15 23.4  9 45.0
Greater than 1 year  53 63.9 49 76.6  11 55.0
> 1 to 5 years  15 18.1 10 15.6  1 5.0
> 5 to 10 years  12 14.5 10 15.6  5 25.0
> 10 to 15 years  2 2.4 8 12.5  2 10.0
> 15 to 20 years  10 12.0 14 21.9  3 15.0
> 20 to 25 years  2 2.4 1 1.6  0 0.0
> 25 to 30 years  6 7.2 2 3.1  0 0.0
> 30 years  6 7.2 4 6.3  0 0.0
          
Valid Total  83 100.0 64 100.0  20 100.0
          
Missing  3 3.5 9 12.3  1 4.8
          
Total  86 100.0 73 100.0  21 100.0
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Riders with a range of experience were present across the three samples, though a 
substantial proportion of riders with less than one year of experience was present in all 
three groups. Injured ATV riders had the highest proportion of riders (45%) with this 
low level of experience. The differences between the three groups were not 
statistically significant comparing the proportion of riders with less than one year of 
riding experience versus those with more experience, (χ2(1) = 2.5, p = .11.). 
 
Drug Use. As well as the alcohol and drug use recorded by hospital staff in the 
emergency department, interviewed casualties were also asked as to their drug use in 
the 24 hours prior to the crash.  
 
Table 7.23. RRRSS: Interviewed casualties by drug use in prior 24 hours and vehicle 
type 
  
  Motorcycle   
  On-road Off-road ATV 
Drug use  n % n % n % 
          
No  80 95.2 65 91.5 18 94.7 
Yes  4 4.8 5 7.0 1 5.3 
In last hour  0 0.0 1 1.4 0 0.0 
1-6 hours before  3 3.6 3 4.2 0 0.0 
6-12 hours before  0 0.0 0 0.0 1 5.3 
12-24 hours before  1 1.2 2 2.8 0 0.0 
          
Valid Total  84 100.0 71 100.0 19 100.0 
          
Missing  2 2.3 2 2.7 2 9.5 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
Drug use was not common among any of the riding groups, though highest among off-
road motorcyclists. As before, all of the riders reporting drug use had used marijuana. 
The overall levels of drinking within the samples were assessed by the consumption 
sub-scale of the Alcohol Use Disorders Identification Test, otherwise known as the 
AUDIT-C. These three questions of the sub-scale assess respondents’ frequency of 
drinking alcohol, the number of drinks they consume in a typical drinking session and 
the frequency of having a drinking session where more than 6 drinks are consumed. 
The below table shows the proportion within each of the three rider samples who fell 
into the ‘harmful’ drinking category on the basis of their AUDIT-C score. 
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Table 7.24. RRRSS: Interviewed casualties by harmful drinking and vehicle type 
 
  Motorcycle   
  On-road Off-road ATV 
Harmful drinking?a  n % n % n % 
          
Yes  52 60.5 46 67.6 18 85.7 
No  34 39.5 22 32.4 3 14.3 
          
Valid Total  86 100.0 68 100.0 21 100.0 
          
Missing  0 0.0 5 6.8 0 0.0 
          
Total  86 100.0 73 100.0 21 100.0 
          
a – Harmful drinking assigned on the basis of an AUDIT-C score, ≥5 for males, ≥4 for females 
 
The proportion of ‘harmful’ drinkers was high, with two-thirds of all respondents 
across the three samples crossing the established thresholds for harmful drinking. 
There was no statistically significant difference found comparing the proportion of 
interviewees drinking at harmful levels across the three samples, χ2(2) = 4.9, p = .09, 
or comparing only on-road and off-road motorcyclists, χ2(1) = 0.7, p = .41. 
 
 Riding time and fatigue. The following tables present the tabulation of two 
variables related to riding time and fatigue. Tabulated below is the continuous driving 
time of the trip on which the crash occurred and whether the interviewed rider reported 
feeling tired on the trip. 
 
Table 7.25. RRRSS: Interviewed casualties by continuous driving time and vehicle 
type 
  
  Motorcycle    
  On-road Off-road  ATV 
Continuous driving time  n % n %  n % 
          
Less than 1 hour (short trip)  46 74.2 35 68.6  13 72.2
Greater than 1 hour  16 25.8 16 31.4  5 27.8
1 hour  - < 2 hours  8 12.9 10 19.6  2 11.1
2 hours - < 3 hours  5 8.1 3 5.9  1 5.6
3 hours - < 4 hours  3 4.8 2 3.9  0 0.0
4 hours or more  0 0.0 1 2.0  2 11.1
          
Valid Total  62 100.0 51 100.0  18 100.0
     7     
Missing  24 27.9 22 30.1  3 14.3
          
Total  86 100.0 73 100.0  21 100.0
          
 
The majority of trips across all three samples did not involve continuous driving time 
of greater than an hour, with no significant difference between the groups comparing 
the proportion of trips less than or greater than an hour in length, χ2(1) = 0.4, p = .81. 
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Table 7.26. RRRSS: Interviewed casualties by felt tired on the trip and vehicle type 
  
  Motorcycle   
  On-road Off-road ATV 
Felt tired  n % n % n % 
          
Yes  5 6.0 9 14.3 0 0.0 
No  78 94.0 54 85.7 20 100.0 
          
Valid Total  83 100.0 63 100.0 20 100.0 
          
Missing  3 3.5 10 13.7 1 4.8 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
Despite the comparable proportions of longer trips reported across the three samples, a 
higher proportion of the off-road riders reported feeling tired on the trip. This 
difference was not statistically significant however comparing across the three 
samples, χ2(2) = 5.3, p = .07. 
 
 Method of transport to hospital. As well as the emergency response data 
presented previously, interviewed casualties were also asked as to how they were 
transported to hospital. 
 
Table 7.27. RRRSS: Interviewed casualties by mode of transport to medical assistance 
and vehicle type 
  
  Motorcycle   
  On-road Off-road ATV 
Mode of transport  n % n % n % 
          
Self  2 2.8 2 2.7 0 0.0 
Ambulance / medical transport  70 97.2 66 97.1 18 100.0 
          
Valid Total  72 100.0 68 100.0 18 100.0 
          
Missing  11 12.8 8.2 0.0 3 14.3 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
Nearly all interviewed casualties reported being transported to a medical facility by an 
ambulance or other emergency services vehicle (e.g. – Royal Flying Doctors Service). 
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Vehicle characteristics. The following tables present information regarding the 
vehicle that the interviewed casualty was riding at the time of the crash. The owner of 
the crash vehicle is tabulated below. 
 
Table 7.28. RRRSS: Interviewed casualties by vehicle owner and vehicle type 
  
  Motorcycle    
  On-road Off-road  ATV 
Owner of vehicle   n % n %  n % 
          
Self/partner  65 75.6 52 72.2  10 47.6
Friend/other member of family  11 12.8 7 9.7  2 9.5
Employer  1 1.2 7 9.7  5 23.8
Hire or leasing company  8 9.3 5 6.9  1 4.8
Other  1 1.2 1 1.4  3 14.3
          
Valid Total  86 100.0 72 100.0  21 100.0
          
Missing  0 0.0 1 1.4  0 0.0
          
Total  86 100.0 73 100.0  21 100.0
          
 
The motorcycles involved in crashes were most commonly owned by either the rider 
or a partner, in both on-road and off-road contexts (no significant difference in 
proportions - χ2(1) = 0.1, p = .77). ATVs were however more likely to be owned by an 
employer or another party compared to off-road riders, though this did not reach 
statistical significance, χ2(1) = 3.4, p = .07.  
 
Table 7.29. RRRSS: Interviewed casualties by age of vehicle and vehicle type 
  
  Motorcycle    
  On-road Off-road  ATV 
Age of vehicle  n % n %  n % 
          
New  13 15.7 14 19.4  3 14.3
1-2 years  18 21.7 16 22.2  5 23.8
3-5 years  22 26.5 10 13.9  1 4.8
6-9 years  9 10.8 8 11.1  0 0.0
10 to 19 years  8 9.6 10 13.9  3 14.3
≥ 20 years  13 15.7 14 19.4  9 42.9
          
Valid Total  83 100.0 72 100.0  21 100.0
          
Missing  3 3.5 1 1.4  0 0.0
          
Total  86 100.0 73 100.0  21 100.0
          
 
The distribution of vehicle ages reported by interviewed on-road and off-road 
motorcyclist casualties was similar, with the majority aged 5 years or less. ATV riders 
were however using a much higher proportion of vehicles aged 20 years or older. Over 
half of all the injured ATV riders (57%)  had been riding a vehicle that was greater 
than 10 years of age. 
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Table 7.30. RRRSS: Interviewed casualties by vehicle registration status and vehicle 
type 
  
  Motorcycle  
  On-road Off-road ATV 
Vehicle registered  n % n % n % 
          
Yes  65 82.3 27 45.0 1 9.1 
No  14 17.7 32 55.0 10 90.9 
          
Valid Total  79 100.0 60 100.0 11 100.0 
          
Missing  7 8.1 13 17.8 10 47.6 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
The use of unregistered vehicles at the time of the crash was much more common 
among off-road motorcyclists compared to on-road motorcyclists (χ2(1) = 18.6, p < 
.001). As per rider licensing requirements, there is no requirement in Queensland for 
off-road vehicles or ATVs to be registered, providing they are not ever used in an on-
road context. ATVs in particular can not be fully registered for on-road use, and are 
only conditionally registrable for infrequent on-road use. The current results may thus 
be primarily representative of the current registration requirements in Queensland. The 
table below shows the time since the crash vehicle had been mechanically serviced.  
 
Table 7.31. RRRSS: Interviewed casualties by time since last service and vehicle type 
  
  Motorcycle  
  On-road Off-road ATV 
Time since service  n % n % n % 
          
< 3 months  74 90.2 53 88.3 14 100.0 
3 months or longer  8 9.8 7 11.7 0 0.0 
3-6 months  5 6.1 3 5.0 0 0.0 
> 6 months – 2 years  2 2.4 3 5.0 0 0.0. 
> 2 years  1 1.2 1 1.7 0 0.0 
          
Valid Total  82 100.0 60 100.0 14 100.0 
     7     
Missing  4 4.7 13 17.8 7 33.3 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
The majority of vehicles were reported to have been serviced within the previous 3 
months. No significant differences were identified between the three rider groups on 
the basis of whether the crash vehicle had been serviced in the last three months, χ2(2) 
= 1.8, p = .41. 
 
Prior behaviours. A number of variables were collected regarding the on-road 
crash and offence history of the injured riders. While these items do not relate directly 
to riding behaviour in an off-road context, they are presented as a means to 
characterising and comparing the rider groups. In interpreting these results, it should 
be noted that the on- and off-road motorcyclist classification in this chapter relates to 
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the activity at the time of the crash, and not necessarily a categorisation of whether the 
interviewed person takes part in on-road riding, off-road riding or both. The table 
below presents the proportions of interviewed riders in each group who self-reported 
involvement in an on-road crash in the previous 5 years. This crash may have involved 
the interviewee using any vehicle type, not necessarily a motorcycle. 
 
Table 7.32. RRRSS: Interviewed Casualties by on- road crash in previous 5 years and 
vehicle type  
  
  Motorcycle   
  On-road Off-road  ATV 
On-road crash in last 5 years  n % n %  n % 
          
Yes  13 15.3 20 31.3  6 30.0
No  72 84.7 44 68.8  14 70.0
          
Valid Total  85 100.0 64 100.0  20 100.0
          
Missing  1 1.2 9 12.3  1 4.8
          
Total  86 100.0 73 100.0  21 100.0
          
 
Nearly twice the proportion of off-road motorcyclists and ATV riders reported a 
previous crash compared to on-road motorcyclists. There was no statistically 
significant difference comparing the proportion of interviewed casualties who had 
been involved in at least one other road crash in the previous 5 years across the three 
samples, χ2(2) = 5.8, p = .05. There was however a significant difference when 
comparing only the off-road and on-road motorcyclist groups, χ2(1) = 4.3, p < .05, or 
when comparing on-road motorcyclists to ATV and off-road motorcyclists grouped 
together, χ2(2) = 5.0, p < .05. The table below presents interviewed casualties' self-
reported levels of previous on-road traffic offences in the previous 5 years. 
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Table 7.33. RRRSS: Interviewed casualties by traffic violations in last 5 years and 
vehicle type 
  
  Motorcycle   
  On-road Off-road ATV 
Previous offence  n % n % n % 
          
Any offence   
Yes  55 65.5 37 59.7 8 40.0 
No  29 34.5 25 40.3 12 60.0 
Speeding offence   
Yes  48 57.1 29 46.8 6 30.0 
No  36 42.9 33 53.2 14 70.0 
Drink driving offence   
Yes  5 6.0 7 11.3 2 10.0 
No  79 94.0 55 88.7 18 90.0 
Unlicensed driving   
Yes  7 8.3 7 11.3 0 0.0 
No  77 91.7 55 88.7 20 100.0 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
Combining the results from the three samples, approximately 60% of all interviewed 
casualties reported being booked for any offence in the previous 5 years, with the 
majority of these bookings being for a speeding offence. No significant difference was 
noted comparing the three groups in regards to the proportions of casualties reporting 
a previous booking, χ2(2) = 4.4, p = .11. No significant differences were likewise 
found when comparing the two larger groups of on- and off-road motorcyclists on 
levels of self-reported bookings for speeding (χ2(1) = 1.36, p = .24),  unlicensed 
driving (χ2(1) = 0.66, p = .42), or drink driving (χ2(1) = 1.95, p = .16.). The proportion 
of casualties reporting a licence suspension in the previous five years is shown in the 
table below.  
 
Table 7.34. RRRSS: Interviewed casualties by licence suspension in last 5 years and 
vehicle type 
  
  Motorcycle   
  On-road Off-road ATV 
Licence suspension  n % n % n % 
          
Yes  15 18.1 16 25.8 2 10.0 
No  68 81.9 46 74.2 18 90.0 
          
Valid Total  83 100.0 62 100.0 20 100.0 
          
Missing  3 3.5 11 15.1 1 4.8 
          
Total  86 100.0 73 100.0 21 100.0 
          
 
As for the previous offence analyses, the proportions of interviewees in each sample 
reporting a licence suspension did not differ significantly across all three groups, χ2(2) 
= 2.7, p = .25, or when comparing only on- and off-road riders, χ2(1) = 0.8, p = .36. 
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Thus, there did not appear to be any notable differences between the samples in 
regards to their recent offence and licence suspension history. 
  
Following from this analysis of previous bookings, the table below presents the self-
reported rates of drink driving behaviour in the previous month. ‘Drink driving’ in this 
context referred to driving after consuming more than two standard drinks in the 
previous hour. 
 
Table 7.35. RRRSS: Interviewed casualties by drink driving behaviour in last month 
and vehicle type 
 
 Motorcycle    
 On-road Off-road  ATV 
Drink driven last month n % n %  n % 
          
Yes 15 17.9 17 24.6  7 33.3
No 69 82.1 52 75.4  14 66.7
          
Valid Total 84 100.0 69 100.0  21 100.0
          
Missing 2 2.3 4 54.8  0 0.0
          
Total 86 100.0 73 100.0  21 100.0
          
 
There was no statistically significant difference found comparing the proportion of 
interviewees who had drink driven across the three samples, χ2(2) = 2.6, p = .27, or 
comparing only on-road and off-road motorcyclists, χ2(1) = 0.7, p = .41. 
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7.4 Discussion  
 
The serious hospitalisation data sourced from the Rural and Remote Road Safety 
Study presented above provides both basic comparison information to the hospital 
admissions analyses chapter as well as complementary information on the 
psychological and social characteristics of hospitalised casualties which are not 
recorded routinely in secondary data collections. As this chapter presents analyses of 
individual’s injury data, the following results primarily address Research Question 4, 
which aims to identify individual characteristics and behaviours associated with off-
road riding injury. In the absence of further information regarding the population of 
riders, the following results may also indicate some common individual or contextual 
influences and provide evidence towards Research Questions 3a and 3b. 
 
7.4.1 Crash overview 
 
In this rural and remote sample, the number of serious injury crashes due to off-road 
riding (including both motorcycles and ATVs) was comparable to that for on-road 
crashes. As in the previous chapter, this again supports Research Question 2, in that 
off-road riding injury is a significant source of injury and cost to the health system. 
This comparable number of serious injuries attributable to on- and off-road riding 
particularly supports Research Question 2 in that the reducing serious on-road 
casualties is listed as a ‘key challenge’ in Australia’s current National Road Safety 
Strategy (Natalier, 2001). Despite the similar numbers of on-road and off-road crashes, 
a much lower proportion of the off-road incidents resulted in a fatality. This is 
discussed further below in the ‘Casualty overview’ section. 
 
While more than 70% of the off-road crashes involved a two-wheel motorcycle as 
opposed to an ATV, this may be primarily attributable to the relative levels of vehicle 
usage. The Australian sales figures presented previously in the literature review show 
that approximately twice as many off-road motorcycles as ATVs are sold each year 
(Federal Chamber of Automotive Industries, 2006b). While these figures do not 
provide specific indication of the relative use of each vehicle type they do indicate that 
for off-road riding two-wheel motorcycles are more common than ATVs. 
 
7.4.1 Crash characteristics 
 
Crash types 
 
As identified in the analysis of state-wide hospitalisation data in the previous chapter, 
nearly all off-road vehicle crashes did not involve another contributing agent such as a 
second vehicle, pedestrian or animal. In contrast, approximately one in three of the on-
road motorcycle crashes involved another agent. As mentioned in the previous 
chapter’s discussion, the off-road riding context is typified by less potential for 
conflict with other vehicles (addressing Research Question 3b) and this is in turn 
related to a lower probability of serious injury or death compared to on-road riding. 
 
Temporal trends 
 
Additional temporal information on crashes was available in the current data, which 
informs the understanding of the riding context and could potentially direct the timing 
of intervention programs. Off-road crashes were most common in Autumn, though 
there was not a significantly varied representation of crashes across the four seasons. 
While the north Queensland area from which these cases were drawn is not necessarily 
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representative of the weather in other areas of the state, the temperatures in the region 
are relatively warm year round (14 - 31°C) with highest temperatures and rainfall in 
the summer (Bureau of Meteorology, 2012). In comparison to many areas of the US, 
Canada and Europe which have more distinct seasons including snowfall in Winter, 
seasonal targeting may not be as important in the comparatively consistent weather of 
Queensland. Some consideration to seasonal targeting could be given to the southern 
states of Australia such as Victoria and Tasmania, where the seasons are substantially 
more distinct. Having said this, the current data did not provide any estimates of the 
relative levels of use of vehicles in each of the period as a means to identifying 
seasonal changes in the rates of injury per riding occasion. 
 
In terms of day of week of crashes, a distinct pattern of increasing crash numbers on 
the weekend was identified for both on- and off-road motorcyclists. A more even 
distribution of day of crash was found for ATV users. These patterns are likely related 
to the purposes of riding for each vehicle type, with motorcycles more commonly used 
for recreational purposes outside of standard business hours and ATVs used for 
agricultural and occupational purposes across the week. This adds to Research 
Question 5b, in that there is a clear differentiation in the pattern of off-road riding 
across the week when comparing the largely work-related ATV riders and 2-wheel 
motorcyclists. The majority of crashes occurred in the afternoon period, which also 
corresponds to the time period in which most road crashes occur in the study region 
(Sheehan et al., 2008). This finding is likely then to be a result of greater riding 
exposure during this time period. The representation of crashes in night-time hours 
may also be lower for off-road vehicles as they may not necessarily be equipped with 
headlights as required for registered vehicles. 
 
7.4.2 Casualty overview 
 
In line with the less severe injuries and lower in-hospital mortality rate for non-traffic 
compared to traffic casualties in Queensland hospitalisation data (Chapter 6), fatalities 
were considerably less likely when comparing off-road to on-road casualties in the 
RRRSS data. In fact, only one fatal injury was identified among all off-road 
motorcycle casualties. This data provides complementary evidence to the analysis of 
the hospital data which did not include casualties who died prior to reaching hospital. 
The current data is an important source as it has been found that many rural road crash 
fatalities have injuries at the scene that are not compatible with survival (Sheehan et 
al., 2008). This data indicates that off-road riders as a whole are involved in different 
types of crashes than on-road riders, generally resulting in less severe outcomes. The 
above mentioned lack of collisions with other vehicles was identified as a primary 
reason for this result. While this result does not directly contradict the previous 
findings which signal a significant injury burden attributable to off-road riding 
(Research Question 2), it should highlight that deaths are not a common outcome from 
off-road riding injury. 
 
A number of the findings in the analysis of these serious injury cases were similar to 
those found in the previous chapter’s state-wide hospitalisation data. As before, the 
vast majority of all on- and off-road rider casualties were male. Female casualties were 
again more common among ATV riders, possibly attributable to the greater use of 
these vehicles for practical agricultural rather than recreational purposes. The analysis 
of the age groups of the injured riders again showed a general pattern towards younger 
riders being more represented than older riders. The age distribution for off-road, two-
wheel motorcycle casualties was however significantly different compared to that for 
on-road motorcyclists or ATV riders. Two-wheel motorcycle casualties had a 
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particularly high representation in the 25-34 years age group, while having a 
representation in the 16-24 years age group comparable to on-road motorcyclists and 
ATV riders. While previous research has noted the increased risk of injury to child 
riders, particularly ATV riders, this current result provide evidence for Research 
Question 4 as they suggest that young adults aged 16-30 years may be at a high risk of 
injury. 
 
There was no indication from the current data that Indigenous persons are substantially 
represented among injured off-road riders, or injured motorcyclists in general. A 
review of Australian Indigenous transport injuries has noted that Indigenous persons 
are more likely to be injured as a pedestrian or car occupant, with a larger proportion 
of non-Indigenous injuries found to be due to non-traffic motorcycle crashes (Berry, 
Nearmy, & Harrison, 2008). 
 
7.4.3 Clinical data 
 
Patient outcomes. As noted above, off-road riders were not as likely to be 
fatally injured as on-road riders. This was reflected in a number of the clinical 
indicators collected. Off-road motorcyclist casualties were less likely than on-road 
casualties to be transferred to another hospital for additional treatment or 
rehabilitation, with no in-hospital deaths registered. Among the seriously injured 
motorcyclist casualties recorded by the RRRSS, a significantly longer length of stay in 
hospital was also found for on-road compared to off-road motorcyclists. A similar 
pattern was present with traffic motorcyclists being three times more likely to be 
admitted to the intensive care unit. Interpreted with similar evidence from the previous 
chapter indicating a greater proportion of serious injuries in on-road riders, there 
appears to be a clear trend towards off-road injuries being less severe than their on-
road counterparts. 
 
Alcohol and drug use. The recording of extended casualty information in the 
current study allowed for an estimation to be made of the contribution of alcohol and 
drugs to crashes. Alcohol was detected by emergency department staff in a minority of 
10% of the on- and off-road motorcyclist casualties and 20% of the ATV riders. The 
higher figure for the ATV riders should however be treated with caution given the low 
sample size. Illicit drug use was similarly not commonly reported on-road (<3%) and 
reported by only one off-road ATV user (<3%). These proportions are comparable or 
lower than the 17% of all serious road crashes in Queensland (2008-2012) that were 
reported to involve alcohol (Department of Transport and Main Roads, 2011). While 
limited in their scope, the current results do not provide any evidence towards 
Research Question 4 that suggest alcohol or drug use are specifically related to off-
road riding injury compared to other known data. The similar representation of alcohol 
among off-road injuries should however signal the behaviour as a potential risk factor 
that should be eliminated. Strong evidence exists from reviews in Canada and the U.S. 
that intoxicated off-road vehicle drivers are at an increased risk of fatal injury (eg: 
Mayhew et al., 2010). As with alcohol, the risks of serious injury are likely to be 
increased with drug impairment, though relatively little evidence exists formalising 
this relationship. There are some caveats to the alcohol findings in the current study. 
Firstly, the clinical data indicating the presence of alcohol may have relied on 
subjective judgements, and would have only been reporting on the state of the patient 
at the time of their arrival to the emergency department. It is thus difficult to know for 
sure if alcohol may have been involved at the time of the incident but was not detected 
by hospital staff. While this situation could result in under-reporting of alcohol-
affected cases, there is no evidence to suggest this would vary as a function of whether 
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riding occurred in an on-road or off-road context. Secondly, this data does not provide 
any case-control comparison that would allow a greater risk of alcohol affected off-
road riding to be established.  
 
Body region of injury. While injuries to the extremities were common for both 
on- and off-road motorcyclists, injuries for off-road motorcyclists were more likely to 
exclusively involve the extremities. A significantly higher proportion of injuries to the 
thorax and upper limbs (arms/shoulders/elbow/hand) was found among the on-road 
motorcycle casualties. This lower leg dominance of off-road riding injuries has been 
noted several times in previous research (DeLisle et al., 1988; Langley et al., 1995; 
Shepherd et al., 2006; Stueland & Zoch, 1995). Examination of the narrative reports 
(short, free-text descriptions of what occurred before, during and after the casualty’s 
crash) collected during casualty interviews provided an indication that a number of the 
lower-leg injuries were due to striking an undetected or protruding fixed object. This 
situation may be more likely to be encountered while riding in the more varied off-
road context, where paths have not been cleared of obstructions. 
 
Emergency services response times. Data from the Queensland Ambulance 
Service regarding response times was an additional source of information not 
otherwise available for analysis as part of the Queensland hospitalisation data 
presented in Chapter 6. The current data was however only drawn from rural locations 
outside of major urban centres, and the results may not be generalisable to riders from 
across the state. The current results do provide some empirical evidence to support 
anecdotal reports that motorcycle crashes occurring away from public roads are 
associated with longer times for emergency retrieval than on-road crashes. The elapsed 
time for each retrieval interval, notification to on scene, on scene to destination, and 
notification to destination, were longer for the off-road compared to on-road 
motorcyclists. The elapsed times did however vary substantially within each group, 
with large standard deviations and interquartile ranges noted. Only the elapsed time in 
the ‘notification to on scene’ time interval was statistically significantly different 
between on- and off-road motorcyclists, highlighting that the greatest difference may 
be the time taken initially to reach the patient’s crash or retrieval site. In addressing 
Research Question 5, there may then be potential injury severity risks associated with 
the rural riding context due to increased retrieval times. The greater retrieval times 
would not however have any impact on the risk of incurring an injury in the first place.  
 
While this time difference was statistically significant, it is difficult to infer any 
resultant clinical significance in patient outcomes from the current data. Recent U.S. 
research investigating the relationship between retrieval times and patient outcomes 
after motor vehicle crashes identified no significant relationship when using the same 
recording intervals used in the current study (Newgard et al., 2010). Further research is 
however needed to determine if this relationship would be different in an Australian 
context or when only considering casualties resulting from off-road riding. 
Researchers have also previously noted the potential for very remote riders to suffer 
adverse outcomes if they are unable to even contact emergency services after a crash 
(Hibbins, 2002). Despite the longer retrieval times for non-traffic casualties discussed 
earlier, there was no indication from the interviewed casualty data that off-road riders 
were not accessible by emergency services after the crash. Only a very small 
proportion (<3% of both on- and off-road casualties) were transported to hospital 
using private means. 
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7.4.4 Interview data 
 
The results of the interview data analyses covered a number of topics including riders’ 
demographic characteristics, risky and safety-related behaviours and the circumstances 
surrounding the crashes.  
 
Rider characteristics. A broad range of education and employment 
characteristics was found among rider casualties. There was however a tendency for 
those to be injured to have a lower level of formal education compared to the 
population as a whole. A significant proportion of the injured riders held a trade or 
apprenticeship qualification, with a high proportion of the sample employed as either 
labourers or tradespersons. This finding provides evidence to both Research Questions 
4 and 5, in identifying both an individual characteristic and potential social influences 
within the labouring/trade contexts that may be related to off-road riding injury. It is 
also in line with evidence from previous studies of the off-road riding population in 
Queensland that identified a high-proportion of riders employed as tradespersons 
(Strategic Leisure Group, 2009). This may however just represent the higher 
proportion of labourers in contexts such as farms which use off-road vehicles. This is a 
particular limitation given the rural and remote focus of this study’s analyses. 
Alternatively, employees in these contexts may have a greater interest in using motor 
vehicles as a recreational pursuit. Without further information on the education and 
employment characteristics of off-road riders, it is difficult to determine if those 
individuals working in blue-collar, agricultural or trade contexts are more likely to be 
injured off-road (Research Questions 4 and 5), or if this just describes the population 
of riders (Research Questions 3a and 3b). 
 
The substantial proportions of crash involved interviewees reporting returning to 
riding after a break of 5 years or more (around one fifth) should also be noted. This 
‘returning rider’ group has been identified previously as a target for intervention in the 
on-road riding population (N. Haworth & Mulvihill, 2005b; Mullin, Langley, & 
Norton, 2000). Identified issues relating to returned riders include a lack of recent 
riding experience and unfamiliarity with the current vehicles and traffic environment. 
The nature of riders returning to off-road riding and issues specific to this group have 
not been addressed by research, though it is likely that the findings from similar on-
road research could be used as a starting point for further investigation. 
 
Purpose of riding. Research Question 5 was further addressed by the finding 
that recreational riding again predominated among the serious injury cases as it had for 
the state-wide analyses in the previous chapter. This was particularly so among two-
wheel off-road motorcycle crashes and less so among ATV riders. Recreational 
vehicle use should thus continue to be considered as the primary mode of use for off-
road motorcycling, with work use of vehicles typifying the majority of ATV riders. 
 
Helmet use. As noted in the earlier focus group data, those riding for 
agricultural and work purposes reported a lower propensity for wearing helmets and 
other safety equipment when involved in these tasks. This was reflected in the current 
data analysis, with injured ATV riders reporting both greater use of the vehicles for 
work purposes and a substantially lower helmet wearing rate compared to off-road and 
on-road motorcycle riders. This finding contributes to Research Question 5b in 
identifying that the riding context, whether work or recreational, appears to strongly 
influence the use of helmets. While it could be argued that the nature of riding for 
work purposes is less risky than recreational or sporting riding, the potential for rare, 
but serious injury resulting from non-use of helmets should not be overlooked. 
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Previous research in Australia has noted the particular efficacy of helmets in reducing 
fatalities among injured motorcycle riders (Liu et al., 2008). 
 
Licence status and experience. As noted when presenting the results regarding 
licence status, there is no legal requirement for a motorcycle licence to be held to use a 
vehicle off-road. Thus, the results presented in this chapter may only be indicative of 
whether the interviewee held an on-road motorcycle licence for the crash vehicle. A 
majority of the interviewees in the off-road motorcycle and ATV groups reported 
holding a licence to ride the crash vehicle, suggesting that they may also ride a 
motorcycle on-road sometimes. The approximately 30% of off-road riders who 
reported not holding a licence suggests that there is a substantial minority of off-road 
riders who ride exclusively in an off-road context. 
 
Alcohol and drug use. In addition to data regarding alcohol use at the time of 
the crash, the regular level of alcohol consumption was evaluated using the AUDIT-C 
scale. Consumption levels were often in the ‘harmful’ ranges as identified by criteria 
set by the World Health Organisation (Babor, Higgins-Biddle, Saunders, & Monteiro, 
2001). In line with the previously discussed results reporting a higher proportion of 
ATV riders identified as alcohol affected in the emergency department, a higher 
proportion of ‘harmful’ drinkers was also found among this group. Although this 
difference was non-significant statistically, it adds to evidence for Research Question 
6 in suggesting that ATV or farm-based riders may be more likely to be alcohol 
affected. These results should however be interpreted in terms of both the generally 
high proportion of respondents in the north Queensland study area that can be 
classified as ‘harmful’ drinkers (Sheehan et al., 2008), as well as the higher levels of 
drinking typically recorded for males, who constituted most of this injured group. 
 
Riding time and fatigue. The current results did not indicate that injured off-
road riders or ATV riders had been riding for excessively long times compared to 
injured on-road riders. There was some indication, though not at a statistically 
significant level, that off-road motorcycle riders were more likely to feel tired during 
the crash trip. Haworth and Rowden’s (2006) recent review of fatigue in on-road 
motorcycle crashes acknowledges that fatigue can arise from exhaustion due to the 
physical aspects of riding without necessarily also having a long trip duration. Further 
research should examine if the unique characteristics of off-road riding which may 
interact with physical fatigue, such as riding on unsealed surfaces, can result in a 
higher crash risk. 
 
Method of transport to hospital. As noted, almost all interviewed casualties 
reported being taken to a hospital by emergency services. There was thus no indication 
in the current data that a significant proportion of seriously injured riders had been 
transferred to hospital as a means to avoid scrutiny of their activities. The sample of 
interviewees in the current study is thus unlikely to a priori under-represent sensitive 
contributing factors such as alcohol or drugs due to this factor. It is possible that there 
may be a group of injured riders who either did not seek treatment or presented at 
hospital with the injury attributed to another activity. Identifying these persons through 
medical records would be difficult, with population surveys being a possible means to 
collect details of these injuries. 
 
Vehicle characteristics. Over 70% of the on-road and off-road motorcycles 
involved in crashes were owned by the rider or their partner, though this dropped to 
below 50% when considering the ATV crash vehicles. While there were only small 
numbers of interviewed ATV riders, there was an indication that a greater proportion 
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of employer owned vehicles was the source of this lower self-ownership. This is in 
line with the self-reported greater use of ATVs for agricultural and work purposes, 
where the vehicle may be farm or workplace property. This may be an important 
finding adding to Research Question 5b, when considering the unique context of 
work-based riding. This situation would also potentially explain the higher proportion 
of ATVs that were more than 20 years old involved in crashes compared to on-road 
and off-road motorcycles. Despite the advanced age of these ATVs, all responses from 
interviewees indicated that the vehicles had been serviced within the last 3 months. No 
further details as to what ‘serviced’ meant in this context was collected from the 
survey. 
 
Prior behaviours. Self-reported traffic offences and history of road crashes 
served to provide a means of identifying any risky behaviours particular to injured off-
road riders. While the analyses did not indicate that off-road riders were more likely to 
have been booked for traffic offences, off-road riders were significantly more likely to 
have been involved in a road crash in the previous 5 years. Thus, while there is no 
clear indication of the underlying reasons, this research does suggest that injured off-
road riders may also be at an elevated risk of crashing when driving. This is in line 
with research conducted in New South Wales which identified that motorcyclists 
riding predominantly in an off-road setting were the highest risk group among all 
registered motorcyclists (W. Harrison & Christie, 2003). 
 
7.4.1 Summary and comparison of RRRSS data to all Queensland 
hospitalisations  
 
This chapter presented data on a rural and remote regional subset of the Queensland-
wide hospital separations described in the previous chapter. The generalisability of the 
findings from the RRRSS can be assessed by comparing the nature of the findings in 
this chapter to the previous chapter. There was a high level of concordance between 
the findings of the RRRSS analyses and those of all Queensland rider hospitalisations.  
The nature of the crashes between the two groups was very similar, with the consistent 
finding that single-agent incidents were more common among off-road and non-traffic 
incidents. Following from this finding, the severity indicators consistently identified 
off-road riders as being less likely to be fatally injured or have poorer injury outcomes. 
The high representation of recreational riding at the time of injury was present in both 
sets of results, with the exception of ATV riders who showed a lower representation of 
such incidents. The age and gender distribution of casualties was also similar between 
the two sets of data, identifying the overall high involvement of male riders and the 
greater involvement of younger riders. The injury profiles between the two sets of data 
were also very similar, with both highlighting the high proportions of limb injuries for 
motorcycle riders. The particularly high representation of lower limb injuries for off-
road riders was also consistent. Given these similarities, the interviewed casualty data 
from the RRRSS could thus be reasonably assumed to be representative of the entire 
population of injured off-road riders in Queensland. The current chapter’s analyses did 
however identify additional factors to those noted in the previous hospitalisation 
analyses. An over-representation of riders with a trade background among off-road 
injuries was noted, the relative contribution of alcohol to off-road crashes was found to 
be similar to that for on-road crashes, helmet use was identified as being particularly 
low for work-related ATV riders, and a significantly higher proportion of off-road 
motorcycle riders reported being involved in a road crash compared to on-road riders. 
The potential for delayed retrieval after off-road injury in a rural area to impact injury 
severity was also highlighted through the analyses of emergency response data. While 
the previous two chapters have reported on studies analysing injured riders, the 
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following chapter presents the results of a survey panel analysis which provides 
further information regarding the general characteristics of the off-road riding 
population. 
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8 Queensland Off-road Rider Characteristics 
 
8.1 Introduction 
 
This chapter reports on data collected from a state-wide sample of households in 
Queensland. The sample pertained to the general population, including but not limited 
to those taking part in off-road riding. It facilitates two key groups of analyses. Firstly, 
population data including both those persons involved in off-road riding and those not 
involved allows comparisons between the two groups to be undertaken. Through these 
comparisons, characteristics particular to or overrepresented among off-road riders can 
be identified. This data is complementary to the profiles of injured riders presented in 
the previous chapters in that it provides a context in which to interpret the relative 
representations of certain rider groups. Secondly, this sample data allows the 
calculation of base rates of involvement in off-road riding within the state. From this 
data, estimates can be made of the total number of off-road riders. These figures are a 
valuable source for understanding the scope of the behaviour and key to accurately 
prioritising off-road rider injury efforts. 
 
8.2 Method 
 
8.2.1 Overall survey procedure 
 
The data in the current study was drawn from a state-wide sample of 4,986 households 
recruited to be a part of the Centre for Accident Research and Road Safety – 
Queensland’s (CARRS-Q) Independent Survey Panel in Road Safety (InSPiRS). The 
InSPiRS panel is a research panel put together by CARRS-Q for use by the centre 
generally and was not assembled specifically for the current study. These households 
were each contacted via phone by a contracted market research company to seek their 
permission to be recruited for the survey panel. Details of the members of each 
household aged 16 years or older were provided by the contacted family member. A 
total of 11,384 persons meeting this age criteria were recorded in the original database. 
The minimal details collected at this time were the mailing address of the household 
along with the name, year of birth, phone number and e-mail address of each person. 
Each of the households was then sent a welcoming letter with enough copies of a one-
page initial survey for each person in the household. A total of 2,731 participants from 
1,595 households returned the initial survey, for an overall person response rate of 
24%. 
 
8.2.2 Measure 
 
The initial one page survey consisted of a number of basic questions regarding 
demographic details of the survey panel members, their use of vehicles, and types of 
driving licences held. Specifically, the questions asked were: 
- Which of the following motor vehicles have you driven/ridden in the last 
12 months?  
- Do you own this vehicle? 
- Which motor vehicle do you drive most often? (selecting from a list, e.g. – 
Sedan, Motorcycle etc.) 
 
- How many times do you drive in an average week? 
- Do you drive for work (e.g. taxi driver, delivery driver, technician, 
plumber)? 
- Have you ridden a bicycle in the last 12 months? 
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- Have you ridden a motorcycle or ATV off-road in the last 12 months? 
- What licences do you have for the following vehicles? (selecting from a 
list, e.g. – ‘C – Car’, ‘R – Motorcycle’) 
- Do you identify yourself as any of the following? 
o Aboriginal, Torres Strait Islander, Aboriginal and Torres Strait 
Islander, None of these 
 
8.2.1 Participants for current analyses 
 
Of the 2731 participants that returned the initial InSPiRS panel screening survey, 2708 
(99.2%) gave a valid response to the question ‘Have you ridden a motorcycle or ATV 
off-road in the last 12 months?’ Of this group, a total of 499 participants (18.4%) 
responded ‘yes.’ Those answering ‘yes’ to this question are for this chapter referred to 
as ‘Riders’ while those answering ‘no’ are referred to as ‘Non-riders.’ 
 
8.3 Results 
 
8.3.1 Demographics 
 
Table 8.1 below presents the gender distribution for both Riders and Non-riders. As 
can be seen in the below table, Riders were more likely to be male, with this being a 
significantly different distribution to that of Non-riders, χ2(1) = 124.7, p <.001.  
 
Table 8.1. Total panel sample by gender and riding status 
 
  Non-riders Riders 
Gender  n % n % 
       
Female  1 201 56.9 135 28.4 
Male  910 43.1 340 71.6 
       
Valid Total  2 111 100.0 475 100.0 
       
Missing  98 4.4 24 4.8 
       
Total  2 209 100.0 499 100.0 
       
 
Riders were on the whole more likely to be a younger group, with a mean age of 43.2 
years (SD = 15.1 years) compared to Non-Riders who had a mean age of 49.6 years 
(SD = 15.5 years). This difference was statistically significant, t(2706) = 8.4, p < .001. 
Table 8.2 below presents the relative age distributions for Riders and Non-riders by 
gender. 
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Table 8.2. Total panel sample by age group, gender and riding status 
 
  Non-riders  Riders 
  Female Male  Female Male 
Age (years)  n % n %  n %  n % 
             
16-19  71 5.9 53 5.8 13 9.6 33 9.7 
20-24  52 4.3 40 4.4 7 5.2 23 6.8 
25-29  34 2.8 21 2.3 13 9.6 15 4.4 
30-39  147 12.2 76 8.4 25 18.5 39 11.5 
40-49  283 23.6 165 18.2 42 31.1 89 26.2 
50-59  311 25.9 243 26.7 28 20.7 84 24.7 
60-69  221 18.4 210 23.1 5 3.7 44 12.9 
70-79  72 6.0 83 9.1 1 0.7 11 3.2 
80+  10 0.8 18 2.0 1 0.7 2 0.6 
             
Total  1 201 100.0 909 100.0 135 100.0 340 100.0 
             
 
Riders were consistently represented more highly in the age groups 16-19 years 
through 40-49 years compared to Non-riders. This trend reversed in the age groups 60 
years or above, with lower representations of Riders compared to Non-riders. 
 
8.3.2 Estimating the Queensland Off-road riding population 
 
Using the figures shown in Table 8.2 above, an estimate of the Queensland population 
riding off-road at least once in the previous 12 months can be derived. This estimate 
was calculated by multiplying the proportion of riders in each combination of age 
group and gender in the InSPiRS panel by the total Queensland population in each age 
and gender group. The age groups 60 years and above were grouped due to the 
relatively low numbers in the InSPiRS panel groups.  
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Table 8.3. Estimation of Queensland off-road riding population from total panel sample 
 
   InSPiRS Panel1  Riding Population Estimates 
 Qld Population  Female Riders Male Riders  Female Male 
 Female Male  % Lower Upper % Lower Upper  % Lower Upper % Lower Upper 
                   
16-19 105 700 110 541  15.5 8.8 25.4 38.8 28.3 49.5  16 358 9 319 26 824 42 417 31 253 54 740 
20-24 133 659 135 242  11.9 5.3 23.5 36.5 25.0 49.6  15 858 7 084 31 459 49 374 33 836 67 145 
25-29 125 032 123 916  27.7 16.1 42.9 41.7 26.0 59.1  34 583 20 119 53 604 51 632 32 165 73 253 
30-39 287 495 274 296  14.5 9.8 20.9 33.9 25.5 43.4  41 787 28 176 60 092 93 022 69 976 119 062 
40-49 291 386 278 991  12.9 9.5 17.2 35.0 29.2 41.3  37 656 27 888 50 053 97 757 81 600 115 199 
50-59 252 041 250 937  8.3 5.7 11.8 25.7 21.1 30.8  20 818 14 249 29 860 64 461 52 978 77 406 
60+ 354 763 319 938  2.3 1.0 4.8 15.5 12.0 19.7  8 011 3 523 17 024 49 556 38 487 62 988 
                   
Total 1 550 076 1 493 861       175 070 110 360 268 916 448 218 340 295 569 793 
                   
1 - Lower and Upper figures refer to 95% Wilson Confidence Intervals around the proportion estimates, based on the InSPiRS figures presented above in Table 8.2. 
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It should be noted that these figures do not take into account frequency or duration of 
riding and would need further data to be used as an accurate measure of exposure. Due 
to the relatively small number of off-road riders in the InSPiRS panel, the estimates 
were not able to incorporate the effect of further variables such as rurality without 
making the confidence intervals around the estimates very large.  
 
Using the conservative values at the lower bounds of the 95% confidence intervals 
estimated in Table 8.3, it can be estimated that for Queenslanders aged 16 years or 
above, 23% of males (340,295 of 1,493,861) and 7% (110,360 of 1,550,076) of 
females have ridden a motorcycle or ATV off-road in the previous 12 months. 
Combining both genders, an estimated 15% of all Queenslanders have ridden off-road 
at least once in the previous 12 months. 
 
8.3.3 Concurrent vehicle use 
 
Further information was available within the initial screening survey regarding the 
types of vehicles driven within the previous 12 months. While this is general data, it 
provides some further information on the particular characteristics of off-road riders 
compared to non-riders. Table 8.4 below outlines the proportion of Non-riders and 
Riders who had driven each vehicle type. As each participant was able to report 
driving multiple vehicle types, the percentages do not add to 100%. 
 
Table 8.4. Total panel sample by vehicle types driven in last 12 months and riding 
status 
 
 Non-riders1 Riders2    
Vehicle type n % n % χ2 p Φ 
          
4WD 1052 47.7 400 80.2 171.0 <.001 .25 
Sedan 1677 76.1 377 75.6 0.0 .84 .00 
Ute 732 33.2 323 64.7 168.7 <.001 .25 
Motorcycle 65 2.9 268 53.7 966.2 <.001 .60 
Wagon/ppl mover 690 31.2 198 39.7 12.6 <.001 .07 
Hatch 911 41.3 187 37.5 2.4 .12 .03 
Rigid truck 163 7.4 160 32.1 232.9 <.001 .30 
Van/commercial 221 10.0 96 19.2 32.5 <.001 .11 
Artic.truck 39 1.8 40 8.0 53.8 <.001 .14 
Scooter 27 1.2 16 3.2 9.0 <.01 .06 
B double / triple 21 0.9 16 3.2 13.7 <.001 .08 
Moped 4 0.2 9 1.8 19.1 <.001 .09 
          
1 – n = 2209 
2 – n = 499 
 
Riders showed substantially wider variation in terms of the vehicle types which they 
had driven within the last 12 months. While 75% of Non-riders had driven a Sedan in 
the previous 12 months, this was the only vehicle type which was used by more than 
half of this group. On the other hand, more than half of the group of Riders had driven 
4WDs, sedans, utes and motorcycles. This trend was repeated in the vehicle type 
nominated as driven most often in the last 12 months, with 4WDs and utes being 
driven as a primary vehicle much more commonly among Riders compared to Non-
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riders, who were far more likely to drive a sedan as a primary vehicle. While 
motorcycles were driven more commonly as a primary vehicle for Riders, the overall 
proportion within both groups was very small. 
 
Table 8.5. Total panel sample by vehicle type driven most often in last 12 months 
and riding status 
 
 Non-riders  Riders 
Vehicle type n %  n % 
      
4WD 342 15.8 144 29.3 
Ute 160 7.4 120 24.4 
Sedan 926 42.7 104 21.2 
Wagon / people mover 241 11.1 39 8.0 
Hatch 418 19.3 37 7.5 
Motorcycle 12 0.6 19 3.9 
Van / commercial 37 1.7 14 2.9 
Rigid truck 18 0.8 9 1.8 
Scooter 6 0.3 2 0.4 
B double / triple 2 0.1 2 0.4 
Artic.truck 4 0.2 1 0.2 
Moped 1 0.0 0 0.0 
      
Valid Total 2 167 100.0 491 100.0 
      
Missing 42 1.9 8 1.6 
      
Total 2 209 100.0 499 100.0 
      
 
The licence types held by each sample are shown below in Table 8.6.  
 
Table 8.6. Total panel sample by licence classes held and riding status 
 
 Non-riders Riders    
Class Yes %  No % Yes % No % χ2 p Φ 
               
C 2056 93.2  149 6.8 488 98.2 9 1.8 17.1 <.001 .08
R 219 9.9  1987 90.1 210 42.3 287 57.7 315.0 <.001 .34
HR 215 9.8  1990 90.2 135 27.2 362 72.8 107.5 <.001 .20
RE 116 5.3  2090 94.7 88 17.7 409 82.3 88.3 <.001 .18
MR 111 5.0  2094 95.0 76 15.3 421 84.7 64.7 <.001 .16
LR 127 5.8  2075 94.2 53 10.7 444 89.3 14.8 <.001 .08
HC 67 3.0  2136 97.0 40 8.0 457 92.0 25.4 <.001 .10
MC 31 1.4  2173 98.6 30 6.0 467 94.0 37.3 <.001 .12
CA 201 9.1  2005 90.9 35 7.0 461 93.0 1.9 .17 .03
               
 
C - Car LR - Light rigid 
R - Motorcycle HC - Heavy combination 
HR - Heavy rigid MC - Multi-combination 
RE - Motorcycle ≤ 250CC CA - Car (Automatic) 
MR - Medium rigid  
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In line with the vehicle types driven, Riders were more likely to hold licences for a 
wider variety of vehicle classes.  
 
8.3.4 Remoteness 
 
Postcode data linked to each household within the panel was used to assign each 
respondent to an ARIA+ (Accessibility/Remoteness Index of Australia+) category. 
The ARIA system is a method of assigning a remoteness score on the basis of road 
distances to major population centres. An average score can be attributed to any 
clearly defined area such as ABS Statistical Local Areas (SLAs) or postcodes. The 
data used to assign each postcode was accessed through the publishers of the ARIA+ 
data, GISCA (2009). The results of analysis of this data are shown below in Tables 8.7 
and 8.8. 
 
Table 8.7. Total panel sample by ARIA+ group and riding status, proportion within 
riding group 
 
  Non-riders Riders 
ARIA+ Group  n % n % 
       
Major cities  974 44.7 110 22.1
Inner regional   474 21.8 95 19.1
Outer regional  548 25.1 146 29.3
Remote  87 4.0 61 12.2
Very remote  96 4.4 86 17.3
       
Valid Total  2179 100.0 498 100.0
       
Missing  30 1.4 1 0.2
Total  2209 100.0 499 100.0
       
 
Table 8.8. Total panel sample by ARIA+ group and riding status, proportion within 
ARIA+ group 
 
  Non-riders Riders 
ARIA+ Group  n % n % 
       
Major cities  974 89.9 110 10.1
Inner regional   474 83.3 95 16.7
Outer regional  548 79.0 146 21.0
Remote  87 58.8 61 41.2
Very remote  96 52.7 86 47.3
       
       
 
Riders were more likely to reside in ‘Remote’ and ‘Very Remote’ ARIA+ areas and 
less likely to reside in ‘Major Cities’ areas. The two distributions were found to differ 
at a statistically significant level, χ2(4) = 203.9, p <.001. 
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Figure 8.1. Proportion of Riders in each ARIA+ group 
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8.4 Discussion 
 
It was noted in the introduction to this thesis that there have been relatively few large 
scale studies into the characteristics of the off-road riding population generally, as 
opposed to the injured sub-population. The data regarding those in the InSPiRS panel 
population provides a unique opportunity to compare the characteristics of those 
taking part in any form of off-road riding to those not doing so. One of the strengths of 
the current survey is that it provides basic information on off-road riders drawn from 
across the state. Previous surveys of the riding population have only focused on a 
particular area such as the south-east Queensland corner or only those riding for 
recreational purposes (Sport and Recreation Queensland, 2007, 2008; Strategic 
Leisure Group, 2009). 
 
The current analyses estimated that approximately 15% of Queenslanders 16 years or 
older have ridden off-road in the prior twelve months, which supports Research 
Question 1, in that off-road riders are a significant sub-group of the general 
population. The estimated figure of 15% from the current study is slightly higher than 
the 11% of the population previously estimated to ride recreationally in south-east 
Queensland by Sport and Recreation Queensland (2007). This could be attributed to 
the broader scope of off-road riders targeted by the current study, along with the 
inclusion of a substantial proportion of respondents from rural areas of Queensland.  
 
The current analyses identified a large increase in the proportion of riders with 
increasing remoteness. In addressing Research Question 1, the current study also 
suggests that off-road riders are a particularly significant part of the population in rural 
areas. In considering common contextual influences on the riding population for 
Research Question 3b, the fact that 60% of all Riders resided in ‘Outer Regional’ to 
‘Very Remote’ areas should highlight the potential influence of rural culture. The 
current estimate is however based on small cell-counts within each age and gender 
sub-group, which did not allow further stratification of the data while still maintaining 
a reliable estimation. Future research seeking to establish basic exposure data for off-
road riders should collect similar data using a larger sample of respondents along with 
the inclusion of questions regarding relative frequency and duration of use. This was 
unfortunately not possible in the context of the very short screening questionnaire sent 
to InSPiRS panel members analysed in this chapter. Collection of this detailed 
exposure data would also likely be complicated by the fact that off-road vehicles may 
not have odometers and may also be used in both off-road and on-road locations. 
 
The characteristics of Riders and their differing characteristics to Non-riders were 
largely in line with past research. A total of 72% of Riders were male, a clear 
overrepresentation compared to the 43% of Non-riders who were male. This provides 
large-scale evidence for Research Question 3a that males dominate the off-road riding 
population. These figures can be compared to the gender distribution of injured riders 
outlined in Chapter 6, where males represented 90% of injured two-wheel 
motorcyclists and 70% of injured ATV riders. Thus, while males are highly 
represented among both off-road riders generally and injured riders, this suggests that 
males may be slightly over-represented among injured off-road riders. The survey 
panel data did not however provide any evidence as to differences in the participation 
rates between genders, which may account for this over-representation. 
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While the overall age distribution of those participants in the InSPiRS panel was older 
than that for Queensland as a whole, Riders were significantly younger overall than 
Non-riders within this sample. The peak age-group for representation of Riders in the 
current sample was in the 40 to 49 years old age group. There are however two related 
issues that need to be discussed in interpreting this finding. Firstly, when comparing 
this data to the age distribution of injured Queensland riders outlined previously, it 
indicates an overrepresentation of young riders among those injured. This is 
particularly the case in terms of those aged 15-25 years. This reinforces the earlier 
findings regarding Research Question 4, by highlighting that young males are not only 
the most represented group among injuries, but are also likely to be at greatest risk per 
participant. Secondly, while it is likely from past research that these age groups are 
overrepresented among the injured population, it is difficult to accurately quantify the 
degree of this overrepresentation. The InSPiRS panel itself originally aimed to over-
sample younger Queensland residents, but had a significantly lower response rate for 
this group compared to other age groups. Future studies should seek to purposefully 
target and follow-up with younger age groups to allow more accurate comparisons to 
be made between the proportion of riders within each age group and their relative 
representation among injured casualties.  
 
While little further information was available from the InSPiRS panel on the 
characteristics of off-road riders, there was an indication that off-road riders were 
more likely to hold licences for motorcycles and heavy vehicles and were generally 
more likely to have driven multiple vehicle types in the previous 12 months. Little 
previous research has investigated attitudinal and lifestyle factors related to the use of 
different vehicle types, focusing more so on practical considerations such as vehicle 
cost and number of seats (Choo & Mokhtarian, 2004). A significant part of the current 
finding could be attributed to the higher representation of males among riders 
compared to non-riders. ABS statistics note that as a proportion of total distance 
travelled annually, males are six times more likely to travel by light commercial 
vehicles and nearly 50 times more likely to travel using a heavy vehicle (Australian 
Bureau of Statistics, 2011b). This finding could also be indicative of a group generally 
more interested in vehicles and motorsport than the general population. Further 
research on the patterns of, and motivations for, vehicle use and their relationship to 
safety is required. 
 
8.5 Chapter Summary 
 
In conclusion, a number of key messages can be taken from the preceding analyses. A 
substantial proportion of the Queensland population aged more than 16 years is 
involved in off-road riding, with the total population involved in riding at any time in 
the previous 12 months being estimated at more than a half a million persons. In 
demographic terms, these riders are typified as predominantly male, younger than the 
general population and more likely to reside in rural or remote locations. Finally, 
riders are more likely to hold and use licences for a greater variety of motorised 
vehicles. 
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9 Survey of Off-road Riders 
 
9.1 Introduction 
 
This chapter details the surveying of a group of self-reported off-road riders drawn 
from across Queensland. The primary purpose of this chapter was to provide 
information on the individual characteristics, behaviour, psychology and social 
interactions of off-road riders, regardless of their injury status. This survey data thus 
takes into account a broader scope of the riding population and serves as a point of 
comparison to the injury data presented in the previous chapters. 
 
The preceding chapters provided a number of key findings in regards to the 
characteristics of injured off-road riders and their crashes. While the numbers of off-
road injuries in Queensland has shown a continual growth, this has been in the context 
of increasing off-road vehicle sales. In regards to risk factors, young, male riders 
riding for recreational purposes typified injured off-road two-wheel motorcyclists. The 
pattern of injury varied for ATV riders, with a significantly increased minority of 
female riders and those riding for work purposes compared to two wheel 
motorcyclists. High levels of helmet use were generally found among off-road riders, 
with the exception of ATV riders who reported comparatively lower wearing rates. A 
similar proportion of off-road riders reported being affected by alcohol or drugs at the 
time of their crash as compared to on-road riders. 
 
Compared to on-road riders, off-road riders exhibited a distinct pattern of injury. Off-
road riding injuries tended to be less severe and had a lower risk of a fatal outcome. 
This was likely related to the greater proportion of single-agent incidents (involving no 
other vehicles or counterparts) in the off-road compared to on-road crashes. Off-road 
crashes were also more likely to be associated with admission to more remote 
facilities. While there was no overall indication that off-road riders had a worse traffic 
infringement history than on-road riders, they were significantly more likely to report 
having had a crash in the previous 5 years. 
 
The previous chapter regarding the InSPiRS panel provided some initial indication of 
the nature of the off-road riding population as a whole. This data highlighted both the 
high representation of males in the off-road riding population, and the high proportion 
of persons taking part in off-road riding in rural and remote areas of Queensland. It 
also signalled a significant population of riders across the state, with an estimate of 
15% of the Queensland population, or nearly half a million total persons, taking part in 
off-road riding in a 12 month period. 
 
Both the Queensland Hospitalisations chapter and the Rural and Remote Road Safety 
Study chapters presented analyses of data which had not been collected specifically for 
the purposes of profiling injured off-road riders (though the RRRSS did collect more 
relevant information as the study was targeted at vehicle crashes generally). The 
InSPiRS panel analyses presented in the previous chapter likewise only provided a 
high-level overview of the riding population with no targeted questions. Thus, while 
providing valuable information, the preceding chapters did not provide targeted 
answers to a number of the questions raised in the literature review. In particular, the 
riding population was not described in regards to their general riding behaviour, their 
riding purposes, or their social influences. 
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The introductory literature chapters reviewing the potential psychological motivators 
of off-road riding involvement and risk taking identified a number of key research 
questions which are addressed by the current chapter. Profiling the demographic and 
riding characteristics of those taking part in off-road riding is essential for the 
interpretation of injury data and determining the applicability of interventions. Off-
road riders have been characterised as a diverse group riding for varied  reasons such 
as sport, recreation or work (Hibbins, 2002; Strategic Leisure Group, 2009). 
Ecological research such as that proposed by Bronfenbrenner (1994) has highlighted 
that behaviour is affected by systems of person-to-person interactions and the context 
in which these interactions take place. Following from this concept, the current chapter 
provides a profile and comparison of the characteristics and riding behaviours of sub-
groups of off-road riders. This ultimately will allow for more targeted intervention 
plans to be devised from the findings. Interactions with key groups of people such as 
family, other off-road riders, friends and work colleagues are also investigated as part 
of establishing social influences on riding behaviour. 
 
The psychological literature has identified that risk taking and perceptions of risk are  
multi-dimensional, with an individual person able to act differently regarding risk 
dependent on the context (Weber et al., 2002; Zaleskiewicz, 2001). While previous 
studies of off-road riders have considered related constructs such as sensation seeking 
(Strategic Leisure Group, 2009), the current survey aims to characterise both riders’ 
propensity to risk taking and the types of risk taking they take part in. By investigating 
these additional aspects it is hoped a clearer characterisation of how risk taking 
profiles interact with differing types of riders and their safety-related behaviours. 
 
Finally, this survey provides an opportunity to compare the characteristics of injured 
and uninjured riders. While the previous data analysis chapters have provided a 
detailed profile of injured riders and highlighted risk factors, the current chapter is able 
to highlight specific individual, social and contextual characteristics which are 
particular to those riders reporting previous injuries. As the aim of this program of 
research is to develop recommendations for injury prevention, the identification of 
unique characteristics of injured riders and their social influences is central to 
appropriately directing interventions. 
 
9.2 Method 
 
9.2.1 Participants and procedure 
 
Participants were drawn from a number of sources to give the final pool of survey 
responses, though the majority of participants were accessed through the Independent 
Survey Panel in Road Safety (InSPiRS) described in the previous chapter. The 
InSPiRS sampling frame accessed for the current survey was constituted of a total of 
499 persons who had responded in an initial short recruitment survey that they had 
ridden a motorcycle or ATV off-road in the previous 12 months. No further screening 
of this off-road rider group occurred in regards to age, gender or other known 
information. The InSPiRS panel, with a mean age of 48 years, was however known to 
be slightly older when compared to the group of persons aged 16 years or above in the 
Queensland population, which had a mean age of 44 years (Australian Bureau of 
Statistics, 2011a). 
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A paper survey was mailed to each of the 499 persons, along with a brochure directing 
participants to an internet version of the survey which they could complete as an 
alternative method of responding. Participants were offered an incentive to participate 
of a chance to win one of three $100 shopping vouchers. Each completed survey was 
linked to the person’s InSPiRS record using a unique identification number either 
printed on the paper survey or entered by the participant at the start of the online 
survey. After two weeks, a reminder email was sent to 146 participants who had not 
yet completed the survey and had provided a valid email contact. A total of 167 
InSPiRS members completed the survey, for an overall response rate of 33.5%. These 
respondents consisted of 131 returned paper surveys and 36 online completions of the 
online internet version of the survey. 
 
A second wave of participant recruitment was conducted both to increase the overall 
sample size and to recruit more participants from the younger age groups. Participants 
were recruited using a variety of methods, including: 
 
- ‘Snowballing’ recruitment of participants through contacts known to be off-
road riders 
- A posting made to staff of the QUT Classifieds and QUT Miscellaneous 
mailing lists 
- Flyers posted on TAFE (Technical and Further Education, or technical 
college) campuses across Queensland advertising the study and directing 
potential participants to the online survey 
- Posts made to a number of online off-road rider internet forums  
 
The second wave of recruitment resulted in a further 68 respondents, bringing the total 
sample size to 235 completed surveys. 
 
9.2.2 Vehicle scope 
 
Instructions provided to potential respondents specifically noted that only riding of 
motorcycles and ATVs was to be considered in-scope. All-Terrain Vehicles were 
noted as being “sometimes referred to as 'quad bikes'“ and a specific instruction was 
given that “Tractors, small farm equipment and ride-on mowers should not be 
considered as ATVs for the purpose of this survey. 
 
9.2.3 Measures 
 
The survey consisted of a number of sections focusing on riders’ behaviour and 
psychological characteristics. These questions corresponded to key issues identified in 
the focus groups, data analysis and literature review presented in previous chapters. A 
brief breakdown of the sections and the questions asked of each participant is provided 
in Table 9.1 below, while a full copy of the survey is available as Appendix B to this 
document.  
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Table 9.1. Content of off-road rider survey 
 
Section and targeted 
ecological level   Question  Rationale 
     
Rider experience 
Individual 
  
Years riding a motorcycle (on- 
and off-road) 
  
  Age began riding off-road   
  Types of vehicle ridden (2-
wheel / ATV) 
 Key differences in riding patterns, riding 
reasons and crash and injury outcomes 
have been identified dependent on vehicle 
types ridden.  
Microsystem  Formal training experience (on- 
and off-road) 
 There is little reported evidence regarding 
the levels of formal and informal training 
of off-road riders.   Any other informal training 
experience (on- and off-road) 
 
  Initial riding instructor (family / 
friend / instructor etc) 
 
     
Riding context 
Individual 
  
How often ride off-road? 
  
To account for exposure differences. 
  Solo riding frequency   
Micro/mesosystems  Purpose(s) of riding (work / 
recreation / competition / other) 
 Chosen because of the previously 
established relationship between 
recreational riding and crash risk / 
involvement. These questions were asked 
in a format allowing multiple responses to 
identify the various riding contexts an 
individual may be involved in. 
Micro/mesosystems  Areas ridden in (private 
property / motocross / etc) 
 To allow for assessment of the relative use 
of and risk of crashing by area type. 
  Involvement in organised group 
riding 
 Following from the previous profiles of 
Queensland riders which have identified 
different characteristics of those that ride 
with organised groups. 
  Family involvement in off-road 
riding 
 In acknowledgement of the known 
relationship between family member 
involvement in riding. 
     
Rider Attachment 
Micro/mesosystems 
  
Strength of ties to off-road 
riders 
  
Previous research has noted sub-groups 
within off-road riders as having differing 
levels of attachment to the behaviour and 
other riders. 
  ‘Fit’ with off-road riders   
      
Contact with 
authorities 
Exosystem 
  
 
Contact with police while riding 
off-road? 
  
 
Practical difficulties associated with the 
use of enforcement measures have been 
noted, though there is little formal 
evidence regarding the degree of rider 
exposure to enforcement. 
  Contact with other authorities 
while riding off-road? 
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Section and targeted 
ecological level   Question  Rationale 
     
Safety messages 
Exosystem 
  
Last recalled safety message 
type (radio / TV / magazine etc) 
  
Although the development and influence 
of media campaigns for on-road safety 
have been studied in some detail, there is 
little known about the levels of exposure to 
and content of safety messages in the off-
road riding community. 
  Content of relevant safety 
message 
 
     
Vehicle information 
Individual 
  
How many different off-road 
vehicles ridden? 
  
While the impact of particular vehicle 
characteristics has not been noted as a core 
issue in previous research, these questions 
provide some basic information as well as 
possible flags for future intervention paths 
(e.g.: vehicle dealers as a contact point). 
  Details of vehicle ridden most 
often 
 
   - Age  
   - Make / model  
   - Engine size  
   - Purchased new or 
 second-hand 
 
   - Owner of vehicle  
     
Risk Propensity 
Scale 
Individual 
  
 
Scale adapted from: (Meertens 
& Lion, 2008) 
  
 
An overall measure of risk-taking 
propensity was included in the survey in-
line with previous research identifying 
links between similar constructs and 
vehicle risk taking. 
  Level of agreement with risk-
taking statements 
  
  + Additional question regarding 
risks of off-road riding 
  
     
Risk Taking Index 
Individual 
  
Scale from: (Nicholson et al., 
2005) 
  
This scale was used to provide a profile of 
the types of risk taking reported by riders, 
as a supplementary measure to their 
overall risk propensity.  
Micro/mesosystems  Frequency of involvement in the 
last 12 months in: 
  
   - Recreational risks   
   - Health risks   
   - Career risks   
   - Financial risks   
   - Safety risks   
   - Social risks   
     
Influence of others 
Micro/mesosystems 
 
  
Influence of family, those ride 
with, friends and work 
colleagues in regards to: 
- Level of worry about safety 
- Influence on riding safety 
- Encouragement to ride safely 
- Practical action to improve 
safety 
  
The influence of ‘significant others’ on 
road user behaviour has been noted 
generally in an injury prevention context, 
with these questions assessing the impact 
of different groups of significant others 
and riding contexts. 
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Section and targeted 
ecological level   Question  Rationale 
     
Accidents and 
injuries 
Individual 
 Crash injury involvement - 
motorcycle 
 Self-reported crash involvement is a key 
outcome measure that can be used to 
identify characteristics specific to injury 
riders among this group. 
  Crash injury involvement - 
ATV 
  
  Seriousness of injury (if 
involved in crash: minor / GP 
treated / hospitalised) 
  
  Likelihood of being in a crash in 
the next 12 months 
 Included to determine respondents’ 
perceived risk of being involved in a crash 
and their perceived self-efficacy in being 
able to not crash. Can be used as an 
alternative outcome variable to self-report 
injury. 
  Likelihood of being able to 
prevent a crash in the next 12 
months 
 
     
Licence types held1 
Individual 
 Current Queensland licence 
types - Open, P/P1/P2 or 
Learner 
  
     
Vehicle types 
driven1 
Individual 
 Vehicle types driven in the last 
12 months (car, motorcycle, 
truck etc) 
  
     
Demographics1  Age group  Demographics were included to 
characterise the respondents and to assess 
the representativeness of the sample.  
Individual  Gender  
  Employment status  
Exosystem  Highest education level 
completed 
 
  Postcode of usual residence  
     
 
1 – Age, gender, licence types held and vehicle types driven were known for participants drawn from the 
InSPiRS panel members and were not included in questionnaires sent to these persons. 
 
A recent review (J. D. Harrison, Young, Butow, Salkeld, & Solomon, 2005) was 
utilised as the basis for the selection process of the risk-related instruments in the 
current study, along with additional instruments found by a systematic review of the 
psychological literature. The PsycInfo Database was searched for the term “risk 
taking” in combination with terms typically associated with psychological measures. 
These included ‘survey’, ‘questionnaire’, ‘measure’, ‘instrument’, ‘scale’, ‘test’, 
‘index’ and ‘inventory.’ A total of 5,458 articles were identified in this manner. 
Abstracts were reviewed for relevance, with instruments focused solely on drug use, 
sexual risk-taking or AIDS prevention excluded. More general instruments applied in 
these contexts were not excluded. Each abstract was reviewed for relevance, and full 
papers sought where appropriate. Some further instruments were identified through the 
reference lists of those papers accessed. A total of 26 instruments were identified, 
including some specific short-form versions of longer tests. Appendix C to this 
document outlines the strengths and weaknesses of each instrument to the current 
survey context. The measures of risk taking included in the survey instrument were 
selected on the basis of requiring two survey-based (as opposed to experimental or 
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lab-based) instruments to assess a general willingness to take risks and to assess risk 
taking across different domains. The final two instruments selected were the 7 item 
general Risk Propensity Scale (Meertens & Lion, 2008) and the 6-item Risk Taking 
Index assessing risk taking levels across 6 different domains (Nicholson et al., 2005). 
 
9.3  Results 
 
The total sample consisted of 235 respondents who completed the survey, though 
specific analyses within this chapter may report on a smaller valid sample due to non-
response or missing data. 
 
9.3.1 Respondent Demographics 
 
The following tables provide an overview of the demographics of the survey 
respondents.  
 
Table 9.2. Survey respondents by gender 
 
Gender  n % 
    
Male  167 73.9
Female  59 26.1
    
Total  226 100.0
    
 
Table 9.3. Survey respondents by gender and age group 
 
  Female Male 
Age group (years)  n % n % 
       
16-19  3 5.1 11 6.6 
20-24  5 8.5 9 5.4 
25-29  5 8.5 14 8.4 
30-39  11 18.6 26 15.6 
40-49  20 33.9 62 37.1 
50-59  13 22.0 32 19.2 
60-69  1 1.7 9 5.4 
70+  1 1.7 4 2.4 
       
Total  59 100.0 167 100.0 
       
 
As for the overall panel sample, the majority of survey respondents were male. 
Respondents aged 30-59 years were highly represented among the respondents. The 
age distribution of respondents was similar to that for all off-road riders in the 
InSPiRS panel population, with 16-19 year olds constituting 21% of respondents 
compared to 22% for the panel. Those aged 30-59 years constituted 73% of 
respondents and 65% of the panel population. 
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Table 9.4. Survey respondents by employment status 
 
Employment status  n % 
    
Student  5 2.2 
Part-time  16 6.9 
Casual  11 4.7 
Unemployed / welfare recipient  3 1.3 
Retired  13 5.6 
Full-time  184 79.3 
    
Total  232 100.0 
    
 
Table 9.5. Survey respondents by highest education level 
 
Education level  n % 
    
Did not complete year 12  45 19.4 
Completed year 12  30 12.9 
Trade / apprenticeship  50 21.6 
Certificate / diploma  68 29.6 
Bachelor’s degree or 
higher 
 39 16.8 
    
Total  232 100.0 
    
 
In line with the age group of the sample, most respondents were employed on a full-
time basis. The sample had a bias towards those with more formal education, with the 
proportion of those with a bachelor’s degree or higher being 16.8% among 
respondents, compared to 6% in the Queensland population aged 16 years or above. 
Respondents who had completed a trade or certificate/diploma level qualification 
(50.3%) were also over-represented compared to the Queensland population (14.4%) 
(Australian Bureau of Statistics, 2008a). 
 
Table 9.6. Survey respondents by ARIA+ remoteness classification 
 
ARIA+  n % 
    
Major cities  61 27.2 
Inner regional  37 16.5 
Outer regional  58 25.9 
Remote  30 13.4 
Very remote  38 17.0 
    
Total  224 100.0 
    
 
The remoteness classification of the survey respondents was similar to the InSPiRS 
participant pool, with a much greater representation of people living in remote and 
very remote areas than the overall population of Queensland. By comparison, 
approximately 3% of Queensland’s total population resides in ‘remote’ or ‘very 
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remote’ locations (Australian Bureau of Statistics, 2008a). 
 
9.3.2 Riding characteristics 
 
The following tables provide an overview of respondents’ riding characteristics, such 
as their experience, riding frequency, purposes or riding and locations of riding. 
 
Table 9.7. Survey respondents by years riding off-road 
 
Years riding off-road  n % 
    
0-4  40 17.1
5-11  28 12.0
12-16  34 14.5
17-20  132 56.4
    
Total  234 100.0
    
 
Table 9.8. Survey respondents by age started riding off-road 
 
Age group (years)  n % 
    
0-4  8 3.5
5-9  31 13.5
10-14  69 30.0
15-19  52 22.6
20+  70 30.4
    
Total  230 100.0
    
 
The high representation of older age groups among respondents contributed to the high 
level of off-road riding experience. The majority of riders (69.6%) began riding before 
the age of 20 years, though there was also a substantial proportion of older riders 
beginning after this age. 
 
Table 9.9. Survey respondents by ever ride on-road 
 
Ride on-road  n % 
    
Yes  142 60.7
No  92 39.3
    
Total  234 100.0
    
 
A substantial proportion of respondents reported motorcycle riding in on-road contexts 
as well, indicating a substantial overlap in the off-road and on-road riding populations. 
The following two tables show the reported frequency with which respondents rode 
off-road, with these statistics additionally broken down by gender.  
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Table 9.10. Survey respondents by riding frequency 
 
Riding frequency  n % 
    
Daily  27 11.5 
Weekly  74 31.6 
Monthly  59 25.2 
Less than monthly  74 31.6 
    
Total  234 100.0 
    
 
Table 9.11. Survey respondents by riding frequency and gender 
 
 Male Female 
Riding frequency n % n % 
       
Daily  21 12.7 6 10.2 
Weekly  49 29.5 24 40.7 
Monthly  46 27.7 9 15.3 
Less than monthly  50 30.1 20 33.9 
       
Total  166 100.0 59 100.0 
       
 
The sample contained a substantial number of infrequent riders (less than monthly), 
though weekly or daily riders together made up over 40% of respondents. No 
significant difference was identified when comparing the distribution of riding 
frequency between male and female riders, χ2(3) = 4.9, p = .18. 
 
Table 9.12. Survey respondents by reported purpose of riding and frequency of riding 
for that purpose 
 
  Work Recreation  Comp./Training
Riding frequency  n % n %  n %
          
Never  121 51.5 39 16.6 190 80.9
Rarely  21 8.9 47 20.0 18 7.7
Sometimes  33 14.0 72 30.6 19 8.1
Frequently  60 25.5 77 32.8 8 3.4
          
Total  235 100.0 235 100.0 235 100.0
          
 
Riding for recreation was the most commonly reported purpose of riding (83% ever), 
followed by work riding (49% ever) and riding for competition or training (19% ever). 
Figure 9.1 below presents a Venn diagram depicting the overlap of the different riding 
groups. All competitive riders also reported riding for recreational purposes. Among 
those reporting riding for work purposes, approximately two-thirds also reported 
riding for recreation. 
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Figure 9.1. Survey respondents - Venn diagram of riding purposes 
 
Table 9.13. Survey respondents by reported locations of riding 
 
  Motocross  
Riding 
parks / 
tours 
Farms Private  property  
Government 
properties 
Riding in 
location  n %  n % n % n % 
 
n % 
                
Yes  57 24.4  79 33.8 208 88.9 103 44.0  92 39.3
No  177 75.6  155 66.2 26 11.1 131 56.0  142 60.7
                
Total  234 100.0  234 100.0 234 100.0 234 100.0  234 100.0
                
 
In line with the less frequent reported riding for competitive purposes, only a quarter 
of the sample reported riding in a motocross setting. Farms were the most common 
reported riding location, reported by nearly 90% of the sample. Riding on private 
properties and government properties was also common, with around 40% of the 
respondents riding in these locations. The following three tables describe whether 
respondents had taken part in organised group rides, whether they rode alone and 
whether their family members also took part in off-road riding. 
 
Table 9.14. Survey respondents by ever ride as part of an organised group 
 
Ride in organised group?  n % 
    
Yes  33 14.2
No  200 85.8
    
Total  233 100.0
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Table 9.15. Survey respondents by ever ride solo 
 
Ride solo?  n % 
    
Never  40 17.2 
Rarely  45 19.3 
Sometimes  63 27.0 
Frequently  85 36.5 
    
Total  233 100.0 
    
 
Table 9.16. Survey respondents by other family members who ride 
 
Other family members ride?  n % 
    
Yes  167 72.0 
No  65 28.0 
    
Total  232 100.0 
    
 
Riding as part of an organised group was not common, with only 14% of the sample 
reporting doing so. By comparison, over 60% of respondents reported ‘sometimes’ or 
‘frequently’ riding solo. While these figures may suggest that off-road riding can be an 
individual pursuit, a high proportion of respondents noted that other family members 
also ride off-road.  
 
9.3.3 Training involvement 
 
There has been little reported evidence regarding the rider training background of off-
road riders. The following two tables describe respondents’ exposure to formal 
training and the provider of initial riding instruction. Respondents were assessed 
separately on whether they had received any formal training for on-road or off-road 
motorcycle riding. 
 
Table 9.17. Survey respondents by formal training by riding context 
 
  ...for On-road 
riding 
 ...for Off-
road riding 
Undertaken formal training  n %  n % 
       
Yes  56 24.0  17 7.4
No   177 76.0  213 92.6
 No  145 62.2  170 73.9
 No training options available  32 13.7  43 18.7
       
Total  233 100.0  230 100.0
       
 
158 
 
Table 9.18. Survey respondents by person who gave most initial instruction 
 
Initial instruction  n % 
    
Friend  92 41.3
Parent  54 24.2
Sibling  19 8.5
Other relative  20 9.0
Instructor  5 2.2
Self  33 14.8
    
Total  223 100.0
    
 
Formal rider training was not common in either on-road or off-road contexts among 
respondents. Formal off-road training was however reported significantly less than on-
road training (χ2(1) = 24.4, p < .001). In line with the high proportion of other family 
members riding off-road, initial instruction was most commonly provided to 
respondents by friends, parents and siblings. Self-instruction was also reported by 15% 
of the sample. 
 
9.3.4 Rider attachment 
 
Two items were asked in the survey regarding rider attachment, namely: ‘How strong 
are your ties with other off-road riders’ and ‘How well do you fit in with other off-
road riders.’ Responses to these two items are tabulated below. 
 
Table 9.19. Survey respondents by level of ties with other riders 
 
Ties with other riders  n % 
    
No ties at all  70 30.3
Weak  48 20.8
Moderate  54 23.4
Strong  39 16.9
Very strong  20 8.7
    
Total  231 100.0
    
 
Table 9.20. Survey respondents by how well fit in with other off-road riders 
 
Fit in with other riders  n % 
    
Not at all  45 19.6
A little  32 13.9
Somewhat  78 33.9
Strongly  52 22.6
Very strongly  23 10.0
    
Total  230 100.0
    
 
A spread of responses was noted across the sample for both items. These two 
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measures were correlated well (Kendall’s tau = 0.68, p < .001), and responses were 
consequently combined as a single, averaged measure of ‘rider group attachment’ for 
the following analyses. 
 
9.3.5 Contact with authorities 
 
To ascertain the levels of potential enforcement experienced by riders, the survey 
included two items regarding contact with police and other authorities. A total of 24% 
of respondents reported having contact with police or other authorities at any time 
while riding, with this falling to 11% for contact while riding in the last 12 months. 
 
Table 9.21. Survey respondents by ever had any contact with authorities while riding 
off-road 
 
 Police Other authorities1 
Contact with n % n % 
       
No  193 82.8 194 83.3 
Yes – last 12 months  16 6.9 16 6.9 
Yes – not in last 12 months  24 10.3 23 9.9 
       
Total  233 100.0 233 100.0 
       
1 – The example of other authorities provided to respondents was ‘National parks staff’ 
 
Of the 20 respondents who only ever rode on a farm or private property, only 1 
respondent (5%) reported interaction with an official authority. This increased to 48% 
for those that reported ever riding in a ‘government controlled area.’ Only 7.1% of 
those not reporting riding in this type of location had contact with an authority. 
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9.3.6 Recall of safety messages 
 
An off-road riding related safety message was able to be recalled by 64 (27.2%) of all 
respondents. 
 
Table 9.22. Survey respondents by type of off-road safety message recalled 
 
Type of safety message  n % 
    
Magazine  28 43.8
Television  21 32.8
Newspaper  5 7.8
Billboard  3 4.7
Radio  1 1.6
Other  6 9.4
    
Total  64 100.0
    
 
In terms of those respondents that could recall a safety message, magazines and 
television advertisements were the most commonly represented media types. Of the 53 
respondents that provided further detail on the type of safety message, 21 (39.6%) 
specifically mentioned the promotion of safety equipment. A further 27 respondents 
(50.9%) gave non-specific responses as to the content of the message. 
 
9.3.7 Vehicle characteristics 
 
Details regarding the vehicles used by respondents were also recorded. 
 
Table 9.23. Survey respondents by vehicle types ridden 
 
Vehicle types  n % 
    
Two wheel motorcycles only  98 41.9
ATVs only  42 17.9
Both motorcycles and ATVs  94 40.2
    
Total  234 100.0
    
 
The majority of the sample reported riding motorcycles, though only about half of the 
motorcycle riders exclusively used this vehicle type. Exclusive ATV riders constituted 
just under 20% of the entire sample. 
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Table 9.24. Survey respondents by number of vehicles ridden off-road 
 
Number of vehicles ridden  n % 
    
One  69 29.6 
Two  69 29.6 
Three  44 18.9 
More than three  51 21.9 
    
Total  233 100.0 
    
 
The use of multiple vehicles was common, with approximately 70% of the sample 
reporting riding two or more vehicles. 
 
Table 9.25. Survey respondents by type of vehicle ridden most often 
 
Vehicle types  n % 
    
Motorcycles  152 65.5 
ATVs  76 32.8 
Both evenly  4 1.7 
    
Total  232 100.0 
    
 
Motorcycles were more commonly used as the primary vehicle of respondents. 
 
Table 9.26. Survey respondents by owner of vehicle ridden most often 
 
Owner of vehicle  n % 
    
Self/partner  154 66.7 
Other family member  29 12.6 
Employer  9 3.9 
Parent  8 3.5 
Hired vehicle  3 1.3 
Other  28 12.1 
    
Total  231 100.0 
    
 
Respondents’ vehicles were owned primarily by themselves, their partners or other 
family members. The ‘other’ category was primarily attributable to vehicles owned by 
‘friends.’ The ownership of second-hand vehicles was as common as new vehicles, as 
shown in the following table. 
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Table 9.27. Survey respondents by purchase status of vehicle ridden most often 
 
Purchase status of vehicle  n % 
    
New  118 54.9
Second-hand  97 45.1
    
Total  215 100.0
    
Don’t know  15 6.5
    
 
 
9.3.8 Safety equipment use 
 
The self-reported level of use of a range of safety equipment was also asked of all 
respondents. This data is presented below in both tabular and graphical form.  
 
Table 9.28. Survey respondents by usage frequency of safety equipment 
 
  Never Rarely Sometimes Frequently 
Safety equipment  n % n % n % n % 
             
Helmets  51 21.9 18 7.7 15 6.4 149 63.9 
Goggles  75 32.5 12 5.2 29 12.6 115 49.8 
Gloves  75 32.5 20 8.7 24 10.4 112 48.5 
Long-sleeved shirt  23 9.9 8 3.4 38 16.4 163 70.3 
Long, heavy pants  22 9.4 6 2.6 28 12.0 177 76.0 
Ankle length boots  40 17.4 9 3.9 14 6.1 167 72.6 
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Figure 9.2. Survey respondents by usage of safety equipment 
 
The majority of the sample frequently wore helmets, long-sleeved shirts, long pants 
and boots. Despite this, helmets were also reported as ‘never’ being worn by 21.9% of 
all respondents. 
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9.3.9 Risk propensity and risk taking 
 
The analyses of the risk propensity and risk taking items are presented below. Table 
9.29 shows the average responses to items on the Risk Propensity Scale. 
 
Table 9.29. Risk propensity scale item and scale means 
 
Item Mean  SD  Item Total Correlation 
       
I put safety firstR  6.28  2.4  .33 
I take risks regularly  7.48  1.8  .62 
I really dislike not knowing what is going to happenR  3.94  2.4  .37 
I prefer to avoid risksR  5.63  2.6  .62 
I usually view risks as a challenge  6.77  2.3  .57 
I do not take risks with my healthR  4.23  2.6  .35 
I view myself as a risk seeker  6.55  2.3  .66 
       
Risk Propensity Scale score  24.89  10.6  - 
       
R – Reverse scored item 
Scale scores between 1 and 9. Higher scores indicate more agreement with item. 
 
The Cronbach’s alpha for the complete scale was 0.78, equating to between 
‘acceptable’ and ‘good’ using the rule of thumb for reliability (K. McKenna & 
Harrison, 2012). It should be noted that this scale included four items which were 
reverse scaled, referring to a risk adversity (eg: ‘I prefer to avoid risks’). The overall 
reliability alpha value was however not increased by the removal of any of the items 
singularly. Responses to the single item measuring respondents’ perception of the risks 
of off-road riding were also compared with respondents’ mean risk propensity. No 
significant correlation was however found (Kendall’s tau: r=.05, p=.31).  
 
To further describe the contextual nature of off-road riders’ risk taking, respondents 
were asked a series of questions about their frequency of involvement in risk taking 
behaviours across several domains, or categorisations, of risks (e.g. - health risks like 
smoking or financial risks like gambling). These questions were asked to give both an 
overall indication of respondents’ self-reported risk taking as well as to provide a 
combined profile of their risk taking behaviours in differing contexts. The below table 
and figures show respondents’ self-reported risk taking across a number of risk 
domains in tabulated and graphical form.  
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Table 9.30. Domain specific risk taking 
 
  Never  Rarely Quite often Often  
Very 
often 
Risk taking 
domain  n %  n % n % n % 
 
n % 
                
Health  78 33.2  79 33.6 38 16.2 25 10.6  15 6.4 
Safety  78 33.2  96 40.9 40 17.0 14 6.0  7 3.0 
Social  118 50.4  90 38.5 16 6.8 9 3.8  1 0.4 
Recreational  121 51.5  76 32.3 18 7.7 13 5.5  7 3.0 
Financial  144 61.3  72 30.6 14 6.0 3 1.3  2 0.9 
Career  160 68.4  59 25.2 9 3.8 3 1.3  3 1.3 
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Figure 9.3. Survey respondents by reported domain specific risk taking 
 
Across the entire sample, a relatively low level of risk taking was reported. Risk taking 
in the health and safety risk domains were most commonly reported. A significant 
correlation was found between a composite score of risk taking behaviour across all 
contexts and risk propensity (Kendall’s tau, r=.35, p <.001). Significant correlations 
were likewise found between self-reported risk taking in each domain and overall risk 
propensity. 
 
Table 9.31. Correlations between risk propensity score and risk domains 
 
Risk taking domain  r  p 
     
Recreational  .37 <.001
Safety  .31 <.001
Career  .26 <.001
Social  .25 <.001
Health  .14 <.01
Financial  .14 <.01
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The strongest relationships to risk propensity were to self-reported recreational and 
safety risks. Table 9.32 below presents the correlations between self-reported levels of 
involvement in each risk taking domain. 
 
Table 9.32. Relationship between risk taking domains1 
 
Risk domain Rec  Saf  Car  Soc  Hea  Fin 
            
Recreational -           
Safety .20***  -         
Career .35***  .24***  -       
Social .28***  .20***  .25***  -     
Health .14***  .17***  .16***  .04***  -   
Financial .21***  .20***  .36***  .29***  .19***  - 
            
1 - statistics based on Kendall’s tau rank correlation coefficient 
*** - p < .001 
*** - p <.01 
*** - p <.05 
 
Weak to moderate relationships were found between levels of involvement in most 
risk domains, with the exception of the relationship between social and health risks. 
 
Analysis of the risk taking behaviour scores for each participant identified a distinct 
drop-off point in the distribution for those with risk behaviour scores of 12 or above. 
This cut-off point corresponded to the third quartile of the distribution of responses. 
To facilitate further comparisons, those scoring less than 12 were designated as ‘low 
risk’, and those scoring 12 or greater were designated as ‘high risk.’ The mean risk 
behaviour scores were thus 15.3 (SD=2.4) for the high risk group and 9.20 (SD=2.39) 
for the low risk group. The high risk group had a significantly higher average risk 
propensity (t(224)=6.24, p <.001) and greater use of safety equipment (t(222)=1.98, p 
<.05). 
  
 
 
Figure 9.4. Histogram of respondents’ risk taking behaviour scores 
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Table 9.33 below shows the proportion of respondents having any involvement in each 
particular risk domain, by their membership in the ‘high risk’ or ‘low risk’ group. 
 
Table 9.33. Involvement in risk domains for high risk and low risk groups  
 
  High risk Low Risk 
Risk domain  % % 
     
Health  96.2 58.1 
Safety  94.4 58.1 
Recreational  81.5 38.5 
Social  75.9 41.9 
Financial  70.4 28.5 
Career  68.5 20.1 
     
 
Both risk groups reported the greatest involvement in similar risk domains. A Venn 
diagram showing the concordance between the proportion of respondents in each 
group taking part in health risks (green), safety risks (blue) and recreational risks (red) 
are shown below. 
 
 
 
 
 
     
Low Risk Group  High Risk Group   
 
Figure 9.5. Venn diagram of health (green), safety (blue), and recreational (red) risk 
involvement 
 
Substantially more overlap in involvement between the risk domains was seen in the 
high risk group. 
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9.3.10 Significant others and safety related cognitions 
 
Respondents were also asked a number of items concerning the thoughts and actions 
of significant others, and the resultant impact on riding safety.  
 
Table 9.34. Social groups and safety related cognitions and behaviours 
 
Social group Worry about safety 
Encourage 
safety 
Take practical 
action 
     
Family  3.24 4.36 2.31 
Those ride off-road with  2.39 3.44 2.02 
Other friends  2.14 3.24 1.65 
Work colleagues  1.90 3.02 1.50 
Work colleagues (work riders only)  2.32 3.40 1.77 
     
Overall mean  2.41 3.50 1.86 
     
 
Each of the items for the above results was measured on a 1 to 5 scale, with higher 
responses indicating more worry about safety, more encouragement of safety and a 
higher frequency of taking practical action regarding riding safety. 
 
A repeated measures ANOVA comparing the levels of worry for the groups of family, 
those ridden off-road with, and other friends was significant, F(2,449) = 162.72, p 
<.001. Post-hoc comparisons between the mean scores using a Bonferroni adjustment 
(.05 = .016▪, .01=.003▪, .001=.0003▪) indicated that the perceived level of worry was 
significantly higher among family members compared to those ridden off-road with 
(p<.001), and other friends (p<.001). A significantly higher level of worry was also 
found when comparing those ridden off-road with and other friends (p<.05). 
 
A similar set of results was found when comparing the likelihood of encouraging safe 
riding. A repeated measures ANOVA across the four above-mentioned groups was 
again significant, F(2,444) = 151.94, p <.001. Family members were perceived to have 
a significantly higher likelihood of encouraging safe riding compared to those ridden 
off-road with (p<.001) and other friends (p<.001). No significant difference was noted 
when comparing those ridden off-road with and other friends (p=.05). 
 
The frequency of taking practical action to increase safety was lower generally 
compared to ‘worry about safety’ or ‘encouragement to ride safely’ by significant 
others. The repeated measures test did however identify differences between the 
groups of significant others, F(2,444) = 57.74, p <.001. While family members were 
more likely to take practical action than other friends (p<.001), no significant 
difference was found when comparing to those ridden off-road with (p=.02).  Those 
ridden off-road with were however more likely to take practical action than other 
friends (p<.01). 
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Table 9.35. Social groups and influence on riding safety 
 
  Make ride less safely  
No change in 
how safely 
ride 
 Make ride more safely 
Social group  n %  n %  n % 
          
Family  2 0.9 91 39.1 140 60.1 
Those ride off-road with  15 6.6 149 65.6 63 27.8 
Other friends  7 3.1 185 81.9 34 15.0 
Work colleagues  7 3.1 192 85.7 25 11.2 
Work colleagues (work riders only)  1 0.9 94 87.0 13 12.0 
          
 
Table 9.36. Comparisons between distributions of influence on riding safety 
 
Social group Family Ride with Other friends 
Work 
col. 
      
Family  -    
Those ride off-road with  < .001 -   
Other friends  < .001 < .001 -  
Work colleagues  < .001 < .001 .47 - 
      
 
A very small proportion of respondents noted that any group influenced them to ride 
less safely. Respondents were more likely to nominate family members as making 
them ride more safely compared to other groups. Chi-square tests between each social 
group indicated that this distribution for families was significantly different from all 
other groups. A significant difference was likewise found when comparing those 
ridden off-road with and other friends or work colleagues. No significant difference 
was found comparing the influence of other friends and work colleagues.  
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9.3.11 Off-road riding injury 
 
Self-reported injury resulting from an off-road riding crash in the previous 12 months 
was also provided by respondents, as shown in Table 9.37 below. 
 
Table 9.37. Survey respondents by riding injury in last 12 months 
 
Riding injury in last 12 months  n % 
    
No  175 74.5 
Yes  60 25.5 
 Minor / self-treated  36 60.0 
 GP / Nurse treated  14 23.3 
 Hospitalised  10 16.7 
    
Total  235 100.0 
    
 
Just over a quarter of all respondents reported being injured to any extent as a result of 
an off-road riding crash in the previous 12 months. Of those reporting an injury, only 
17% reported being hospitalised. It should be clarified that ‘hospitalised’ was not 
explicitly defined in the survey and may not necessarily refer to formally being 
admitted to hospital. Additional questions were asked regarding the future likelihood 
of crashing and perceived ability to prevent a crash. 
 
Table 9.38. Survey respondents by perceived likelihood of crashing in next 12 months 
 
Crash likelihood in next 12 months  n % 
    
Highly unlikely  78 33.8 
Unlikely  52 22.5 
Neither likely nor unlikely  61 26.4 
Likely  28 12.1 
Highly likely  12 5.2 
    
Total  231 100.0 
    
 
A minority of participants (17%) responded that their likelihood of crashing in the 
next 12 months was either ‘likely’ or ‘highly likely.’ Similarly, only 17% of 
participants responded that it would be ‘highly unlikely’ or ‘unlikely’ that they would 
be able to prevent crashing in the next 12 months, as shown in Table 9.39. 
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Table 9.39. Survey respondents by perceived ability to prevent crashing in next 12 
months 
 
Able to prevent crash?  n % 
    
Highly unlikely  16 7.0
Unlikely  24 10.4
Neither likely nor unlikely  63 27.4
Likely  65 28.3
Highly likely  62 27.0
    
Total  230 100.0
    
 
There was a significant, negative correlation between responses to the likelihood of 
crashing in the next 12 months and the perceived ability to prevent crashing (Kendall’s 
tau, r = -0.40, p <.001). 
 
To present this relationship in a clearer manner, responses as to the perceived 
likelihood of being in a crash were divided into two groups: ‘high crash likelihood’ 
(‘highly likely’ and ‘likely’ responses), and ‘low crash likelihood’ (‘unlikely’ and 
‘highly unlikely’). Those answering in ‘neither likely nor unlikely’ were not included 
in the classification. The ‘low crash likelihood’ group showed a distribution with a 
generally perceived likelihood of being able to prevent a crash. The ‘high crash 
likelihood’ showed a pattern which was more centrally distributed around the central 
‘neither likely nor unlikely’ response. 
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Figure 9.6. Relationship between respondents’ likelihood of crashing and likelihood 
of preventing crashing 
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9.4 Cluster Analysis 
 
Research Questions 4, 5, 5a and 5b in this program of research sought to identify 
unique groups of riders in regards to their self-reported off-road riding injury 
experience and how this related to protective behaviours, profiles of risk taking and 
contextual influences. A cluster analysis methodology had been used in a previous 
study of registered motorbike riders in New South Wales (W. Harrison & Christie, 
2003), which provided a profile of off-road riders generally compared to those riding 
on-road. The following analysis aimed to provide further details of differing groups 
within off-road riders. 
 
9.4.1 Method 
 
To determine if distinct groups of riders existed within the survey sample in regards to 
their safety behaviours and outcomes, a cluster analysis statistical method was used. A 
cluster analysis was run using the ‘Gower’ cluster metric which allows for the 
inclusion of categorical as well as scale variables in the analysis. Variables included 
for the clustering were safety-related measures, namely: 
 
 - self reported off-road riding injury status in the last 12 months 
 - an average risk propensity scale score 
 - a combined score based on reported safety equipment use 
 - an average risk taking behaviour score 
 
Several cluster groupings were tested, with the two cluster solution showing fitting the 
data to the greatest degree, as seen in the figures below. 
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Figure 9.7. Comparison of cluster analysis models 
 
9.4.2 Broad cluster characteristics 
 
The characteristics of the two clusters in regards to the variables entered into the 
analysis are presented below. The two cluster groupings corresponded with self-report 
of an off-road riding injury in the last 12 months. From this point on the clusters are 
accordingly referred to as ‘injured’ and ‘non-injured.’ 
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Table 9.40. Cluster groupings by variables included in the cluster analysis 
 
  Mean Score (SD)   
Variable  Non-injured Injured  p1 
       
Mean risk propensity  3.38 (1.48) ▼ 4.05 (1.52) ▲  <.01 
Safety equipment score  2.99 (0.94) ▼ 3.63 (0.62) ▲  <.001 
Risk taking behaviour score  10.62 (3.36) ● 10.58 (3.06) ●  0.92 
       
1 - probability based on t-test 
 
Thus, the second cluster which corresponded to reported injury in the last 12 months 
was also associated with a higher average risk propensity and more use of safety 
equipment. No difference was however found in the overall risk taking behaviour 
score. This scale however covers a relatively large variety of risk taking behaviours 
including recreational risks, health risks, career risks, financial risks, safety risks and 
social risks. As health and safety risks were the most commonly reported risk type by 
respondents, the analyses were repeated specifically using these two risk domains.  
 
Table 9.41. Involvement in safety and health risks by cluster groupings 
 
  Safety risks Health Risks 
  Non-injured 
Injured Non-
injured 
Injured 
Risk taking freq.  n % n % n % n % 
             
Never  55 31.4 23 38.3 59 33.7 19 31.7 
Rarely  76 43.4 20 33.3 58 33.1 21 35.0 
Quite often  29 16.6 11 18.3 28 16.0 10 16.7 
Often  9 5.1 5 8.3 15 8.6 10 16.7 
Very often  6 3.4 1 1.7 15 8.6 0 0.0 
             
 
There was however not a significant difference in the distribution of responses 
between injured and non-injured riders for either the safety risk domain (χ2(1) = 0.1, p 
= .79) or the health risk domain (χ2(1) = 0.1, p = .71) when using a linear-by-linear 
association test. 
  
9.4.3 Analysis 
 
Differences between the two clusters on key variables were tested using appropriate 
statistics for the particular comparison. These were namely: 
- chi-square analyses to compare proportional representation for nominal, 
categorical variables 
- linear-by-linear association tests (chi-square statistic) to compare ordinal, 
directional trend data (e.g.: age distribution) 
- ANOVA and t-test analyses to compare continuous or averaged ordinal 
variables for which mean and standard deviation parameters could be 
173 
 
calculated 
 
9.4.4 Comparison of cluster characteristics 
 
The following section provides a breakdown of the differences between the two 
clusters, beginning with some broad demographic information. The majority of survey 
respondents were male, which is in line with previous indications of the riding 
population. Males were still significantly more likely to be in the injured cluster (χ2(1) 
= 4.1, p < .05).  
 
Table 9.42. Gender by cluster groupings 
 
 Non-injured Injured 
Gender n % n % 
       
Male  117 70.1 50 84.7 
Female  50 29.9 9 15.3 
       
Total  167 100.0 59 100.0 
       
 
Although the age distribution of the entire sample was biased towards older age 
groups, the younger age groups had a consistently higher representation in the injured 
cluster. The proportion of respondents within each group classified into the injured 
cluster significantly decreased with increasing age - (linear by linear association test - 
χ2(1) = 16.6, p < .001). 
 
Table 9.43. Age groups by cluster groupings - proportion of cluster in age group 
 
 Non-injured 
Injured 
Age group (years) n % n % 
       
16-20  7 46.7 8 53.3 
21-24  6 42.9 8 57.1 
25-29  14 66.7 7 33.3 
30-39  27 73.0 10 27.0 
40-49  68 81.0 16 19.0 
50-59  37 80.4 9 19.6 
60+  14 93.3 1 6.7 
       
Valid Total  173 100.0 59 100.0 
       
 
The purposes of riding undertaken by riders in each of the clusters was also 
investigated. A significantly higher proportion of riders in the injured cluster rode for 
competition purposes (χ2(1) = 17.5, p < .001). 
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Table 9.44. Involvement in competitive riding by cluster groupings 
 
 Non-injured Injured 
Competitive riding n % n % 
       
Yes  22 12.6 23 38.3
No  153 87.4 37 61.7
       
Total  175 100.0 60 100.0
       
 
Similarly, although most respondents reported riding for recreational purposes at least 
some of the time, a higher proportion of recreational riding was found in the injured 
cluster. This difference did not however reach statistical significance (χ2(1) = 3.2, p = 
.07). 
 
Table 9.45. Involvement in recreational riding by cluster groupings 
 
 Non-injured Injured 
Recreational riding n % n % 
       
Yes  141 80.6 55 91.7
No  34 19.4 5 8.3
       
Total  175 100.0 60 100.0
       
 
When considering the frequency of riding for recreational purposes, a significantly 
higher proportion of riders in the injured cluster did however ride recreationally 
‘sometimes’ or ‘frequently’ (χ2(1) = 8.6, p < .01).  
 
Table 9.46. Involvement in recreational riding ‘frequently’ or ‘sometimes’ by cluster 
groupings 
 
 Non-injured 
Injured 
Recreational riding 
sometimes/frequently n % n % 
       
Yes  101 57.7 48 80.0
No  74 42.3 12 20.0
       
Total  175 100.0 60 100.0
       
 
No significant difference was found in the proportion of work riders between the two 
clusters (χ2(1) = 1.2, p = .28). 
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Table 9.47. Involvement in work riding by cluster groupings 
 
 Non-injured Injured 
Work riding n % n % 
       
Yes  89 50.9 25 41.7 
No  86 49.1 35 58.3 
       
Total  175 100.0 60 100.0 
       
 
In line with this, a significantly higher proportion of the injured cluster riders rode in 
motocross parks, on riding tours, in government areas, and on private properties. No 
difference was found in the proportion of riders who rode on farm properties.  
 
Table 9.48. Areas ridden in by cluster groupings 
 
Area  Non-injured 
% 
Injured %  p1 
       
Motocross  16.1 48.3  <.001
Riding parks / tour rides  25.3 58.3  <.001
Private properties (excl. farms)  37.9 61.7  <.01 
Government areas  32.2 60.0  <.001
Farms  90.8 83.3  0.18 
       
1 -  probability based on chi-squared tests 
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As described earlier in this chapter, a rider attachment score was derived from an 
average of responses to two items: 
 - ‘How strong would you say your ties are to other off-road riders’ 
 - ‘How well do you fit in with other off-road riders in general’ 
 
These two items were correlated strongly (r = .73). There was a significantly higher 
level of attachment to other riders in the injured cluster (M=2.46, SD=1.10) than in the 
non-injured cluster (M=3.44, SD=1.16), t(228) = -5.8, p < .001. The injured cluster 
was also substantially more likely to contain riders who rode as part of an organised 
group (χ2(1) = 9.5, p < .01). 
 
Table 9.49. Ride in an organised group by cluster groupings 
 
 Non-injured Injured 
Ride in organised group? n % n % 
       
Yes  17 9.8 16 27.1 
No  157 90.2 43 72.9 
       
Total  174 100.0 59 100.0 
       
 
The age at which respondents began riding also differed substantially between the two 
clusters. Injured cluster riders were significantly more likely to have begun riding at an 
early age, with a particular over-representation in the 6-10 years age group (χ2(4) = 
10.2, p < .05; linear-by-linear association test - χ2(1) = 7.7, p < .01). This difference 
did not remain significant after excluding riders who began riding after 21 years of age 
(χ2(3) = 1.4, p = .53; linear-by-linear association test - χ2(1) = .53, p = .47). 
 
Table 9.50. Age started riding by cluster groupings 
 
 Non-injured Injured 
Age started riding n % n % 
       
0-5  6 3.5 2 3.4
6-10  19 11.1 12 20.3
11-15  47 27.5 22 37.3
16-20  38 22.2 14 23.7
21+  61 35.7 9 15.3
       
Total  171 100.0 59 100.0
       
 
Participation in off-road riding by other family members was common in both clusters, 
with approximately three-quarters of all riders noting another family member riding. 
No significant difference was found when comparing the relative proportions between 
the two clusters (χ2(1) = .1, p = .80). 
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Table 9.51. Family members riding status by cluster groupings 
 
 Non-injured Injured 
Family members ride n % n % 
       
Yes  124 71.3 43 74.1 
No  50 28.7 15 25.9 
       
Total  174 100.0 58 100.0 
       
 
The perceptions of the risks of off-road riding were similar in the two clusters, with no 
significant difference noted. Both clusters tended towards agreement that off-road 
riding is a risky activity. While there was a higher proportion of ‘strong agreement’ 
that off-road riding is a risky activity in the injured cluster, the overall distributions 
were not significantly different (χ2(1) = 2.6, p = .10). 
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Figure 9.8. Perceived risk of off-road riding by cluster groupings 
 
While the above results regarding the risk of riding did not identify a difference, the 
injured cluster respondents perceived that they were significantly more likely to crash 
in the next 12 months (linear-by-linear association test - χ2(1) = 34.9, p < .001). This 
difference was most present in the proportion of respondents stating that they were 
‘highly unlikely’ to be injured while riding off-road in the next 12 months. 
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Figure 9.9.  Likelihood of crashing in next 12 months by cluster groupings 
 
A comparison question regarding respondents’ likelihood of being able to prevent 
crashing was also asked. In line with a perceived greater likelihood of crashing, the 
injured cluster also perceived that they were significantly less likely to be able to 
prevent being involved in a crash in the next 12 months (linear-by-linear association 
test - χ2(1) = 16.0, p < .001). This difference was most apparent in the lower 
proportion of injured cluster respondents that stated they were ‘highly likely’ to be 
able to prevent crashing in the next 12 months. 
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Figure 9.10. Likelihood of preventing crashing in next 12 months by cluster groupings 
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The differences in safety perceptions and actions of significant others were also 
compared between the clusters. An average score regarding the degree to which 
significant others worry about the respondents’ safety while riding off-road showed a 
significantly greater level of worry in the injured cluster. The overall worry scores 
were however quite low generally across both groups.  
 
Table 9.52. Others’ perceived worry about riding safety by cluster groupings 
 
Group  Non-injured  Injured  p1 
       
Overall mean  2.28 (0.92)▼ 2.75 (0.92)▲  < .0011
       
Family  3.09 (1.30)▼ 3.68 (1.10)▲  < .012
Those you ride with  2.28 (1.14)▼ 2.68 (1.14)▲  < .052
Friends  2.04 (0.99)▼ 2.43 (1.08)▲  < .052
Work colleagues  1.79 (0.96)▼ 2.20 (1.10)▲  < .012
       
1 - probability based on t-test comparing mean values of the averaged scale 
2 - probability based on linear-by-linear association test, chi-squared statistic 
 
The perceptions of worry were however consistently in the direction of a higher level 
of worry in the injured cluster. An encouragement to ride safely by significant others 
was more common among the injured cluster, though this was attributable primarily to 
more encouragement provided by friends and work colleagues. 
 
Table 9.53. Others’ likelihood of encouraging safe riding by cluster groupings 
 
Group  Non-injured  Injured  p1 
       
Overall mean  3.43 (0.86)▼ 3.71 (0.74)▲  < .051
       
Family  4.34 (0.86) ● 4.44 (0.77) ●  .412
Those you ride with  3.38 (1.17) ● 3.61 (0.95) ●  .172
Friends  3.15 (1.07)▼ 3.49 (0.95)▲  < .052
Work colleagues  2.91 (1.17)▼ 3.31 (0.95)▲  < .052
       
1 - probability based on t-test comparing mean values of the averaged scale 
2 - probability based on linear-by-linear association test, chi-squared statistic 
 
Taking practical action to increase the safety of respondents while riding off-road was 
more common in the injured cluster, though this was less common than just providing 
encouragement to ride safely. 
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Table 9.54. Frequency of others taking practical action to increase safety by cluster 
groupings 
 
Group  Non-injured  Injured  p1 
       
Overall mean  1.75 (0.94)▼ 2.14 (1.14)▲ < .051 
       
Family  2.23 (1.37) ● 2.55 (1.42) ● .132 
Those you ride with  1.92 (1.22)▼ 2.30 (1.33)▲ < .052 
Friends  1.51 (0.93)▼ 2.02 (1.26)▲ < .012 
Work colleagues  1.42 (0.86)▼ 1.70 (1.05)▲ < .052 
       
1 - probability based on t-test 
2 - probability based on linear-by-linear association test, chi-squared statistic 
 
Table 9.55. Others’ influence on riding safety by cluster groupings 
 
  Non-injured Injured   
Social group  Less safely 
No 
change 
More 
safely 
Less 
safely 
No 
change 
More 
safely 
 p1 
           
Family  1.2 40.5 58.4 0.0 35.0 65.0  .31 
Those you ride with  6.6 68.3 25.1 6.7 58.3 35.0  .24 
Other friends  3.0 85.5 11.4 3.3 71.7 25.0  <.05 
Work colleagues  4.2 84.2 11.5 0.0 89.8 10.2  .61 
           
1 - probability based on linear-by-linear association test, chi-squared statistic 
 
The perceived influence on respondents’ riding safety of significant others was also 
compared between the two clusters. A statistically significant difference was only 
found between the two clusters in the ‘other friends’ category.  
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9.5 Analysis by purpose of riding 
 
The above analyses provided an indication that respondents’ reported purposes for 
riding have a strong relationship with injury and safety outcomes. To further address 
Research Questions 4, 5, 5a and 5b and identify individual and contextual 
characteristics associated with injury, a follow-up analysis was run to profile each of 
the purpose of riding groups and to make comparisons between the groups. Four 
distinct groups were used for this analysis, on the basis that respondents’ reported 
purposes of riding were not mutually exclusive. These groups were those who reported 
riding for the purposes of: 
 
 1. competition and recreation, 
- which also included those riders who rode for competition, recreation 
and work purposes (a combination of all 3 riding possibilities).  
 2. recreation only, 
 3. work and recreation, and 
 4. work only. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.11. Venn diagram of riding purpose groups for analysis  
 
The usage of ATVs as opposed to 2-wheel motorcycles was more common among 
those riding for work purposes, either exclusively or with involvement in recreational 
riding as well. 
 
Table 9.56. Vehicle types used by reported purpose of riding 
 
  Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
Vehicle Types   n % n % n %  n % 
             
Motorcycles  28 62.2 48 54.5 15 23.8  6 17.6
ATVs  1 2.2 12 13.6 13 20.6  15 44.1
Both mcyc. and ATVs  16 35.6 28 31.8 35 55.6  13 38.2
             
Total  45 100.0 88 100.0 63 100.0  34 100.0
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Figure 9.12. Vehicle types used by reported purpose of riding 
 
Table 9.57. Areas ridden in by reported purpose of riding 
 
 Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
Area ridden in? n % n % n %  n % 
             
Motocross  29 64.4 21 23.9 6 9.5  1 2.9
Riding parks / tours  31 68.9 30 34.1 18 28.6  0 0.0
Farms  41 91.1 70 79.6 60 95.2  34 100.0
Private property  27 60.0 47 53.4 24 38.1  4 11.8
Government properties  5 11.1 5 5.7 5 7.9  0 0.0
             
Total  45 100.0 88 100.0 63 100.0  34 100.0
             
 
 
A number of key points can be taken from the above tabulation of riding locations and 
purpose of riding. Farms were the most commonly ridden in location, with a high 
representation regardless of the riding group. Secondly, ‘work only’ riders were 
typified by their uniform reporting of riding on farms and rarely in any other location. 
‘Competition/recreation’ riders were distinguished from other riders by the higher 
proportion of this group that reported riding on motocross tracks and at riding parks. 
183 
 
 
Table 9.58. Riding injury in last 12 months by reported purpose of riding 
 
 Injury in last 12 months 
 No Yes 
Riding Group n % n % 
       
Competition / Recreation  22 48.9 23 51.1 
Recreation only  67 76.1 21 23.9 
Recreation / work  52 82.5 11 17.5 
Work only  29 85.3 5 14.7 
       
 
Reported injury in the last 12 months was considerably more common among the 
competition/recreation group than the other riding groups. A chi-squared test indicated 
a significant difference in the distribution of injury between the four riding groups 
(χ2(3) = 19.6, p < .001). 
 
Table 9.59. Ever ride as part of an organised group by reported purpose of riding 
 
 Ride as part of an organised group? 
 No  Yes 
Riding Group n %  n % 
       
Competition / Recreation  29 64.4  16 35.6 
Recreation only  77 87.5  11 12.5 
Recreation / work  55 90.2  6 9.8 
Work only  34 100.0  0 0.0 
       
 
The proportion of respondents riding as part of an organised group also gradually 
increased moving from riding for work only to riding for more recreation and 
competitive purposes. A chi-squared test indicated this differing distribution was 
statistically significant (χ2(3) = 23.2, p < .001). 
 
Table 9.60. Gender by reported purpose of riding 
 
 Gender 
 Male Female 
Riding Group n % n % 
       
Competition / Recreation  40 90.9 4 9.1 
Recreation only  63 75.0 21 25.0 
Recreation / work  41 68.3 19 31.7 
Work only  19 57.6 14 42.4 
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While male riders predominated across all respondents, female riders were 
considerably more common among non-competitive riders compared to competitive 
riders. Over 40% of work-only riders were in fact female. A chi-square test of the 
distribution across the riding purpose groups showed a statistically significant result, 
(χ2(3) = 12.1, p < .01). 
 
As with other analyses using age groups, it was difficult to find clear patterns in the 
distribution of age groups within each riding groups due to the skewed, older sample 
of riders. Examining the proportion of respondents within each age group across the 
riding groups provided a more interpretable solution as shown in the below table. 
 
Table 9.61. Age groups by reported purpose of riding 
 
  Competition / Recreation  
Recreation 
Only 
Work and 
Recreation 
Work Only 
Age group  n %  n % n % n % 
             
16-20  6 40.0  7 46.7 2 13.3 0 0.0 
21-24  4 28.6  8 57.1 0 0.0 2 14.3 
25-29  6 28.6  8 38.1 1 4.8 6 28.6 
30-39  9 25.0  11 30.6 2 5.6 14 38.9 
40-49  15 18.3  37 45.1 7 8.5 23 28.0 
50+  5 8.5  15 25.4 22 37.3 17 28.8 
50-59  2 4.4  14 31.1 14 31.1 15 33.3 
60-69  3 30.0  1 10.0 5 50.0 1 10.0 
70+  0 0.0  0 0.0 3 75.0 1 25.0 
             
 
As can be seen from the above table, riding for competition/recreation was more 
prevalent in the younger as opposed to older age groups. Riding for recreation only 
showed a similar trend, though a substantial proportion of riders aged 40 years and 
above was classified into this group. The work/recreation and work only groups 
showed a relative absence of the youngest age groups (16-20 years and 21-24 years), 
though the work only group had a more consistent representation across all age groups 
compared to the work/recreation group. 
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Table 9.62. Perceived likelihood of crashing in next 12 months by reported purpose of 
riding 
 
  Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
Likelihood of crash  n % n % n %  n % 
             
Highly unlikely  6 14.0 30 34.5 25 39.7  14 41.2
Unlikely  4 9.3 23 26.4 14 22.2  11 32.4
Neither likely nor unlikely  14 32.6 21 24.1 21 33.3  4 11.8
Likely  14 32.6 8 9.2 1 1.6  5 14.7
Highly likely  5 11.6 5 5.7 2 3.2  0 0.0
             
 
Those in the competition/recreation group showed a clear difference to the other three 
groups, with a much higher proportion of respondents reporting their perceived 
likelihood of crashing as ‘likely’ or ‘highly likely.’ This pattern is more clearly 
discernible when collapsing across the ‘highly likely’ and ‘likely’ categories and the 
‘unlikely’ and ‘highly unlikely’ categories to decrease the number of low cell counts.  
 
Table 9.63. Perceived likelihood of crashing in next 12 months by reported purpose of 
riding, collapsed table 
 
  Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
Likelihood of crash  n % n % n %  n % 
             
Highly unl. / Unlikely  10 23.3 53 60.9 39 61.9  25 73.5
Neither  14 32.6 21 24.1 21 33.3  4 11.8
Likely / Highly likely  19 44.2 13 14.9 3 4.8  5 14.7
             
 
A chi-squared test of the overall distribution identified that significant differences 
between the riding groups were present, (χ2(6) = 39.2, p < .001). The disparity 
between the groups’ perceptions is also apparent when looking at a bar plot of the 
relative responses as shown below. 
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Figure 9.13. Perceived likelihood of crashing in the next 12 months by reported 
purpose of riding 
 
 
An item was also included on the survey regarding the perceived likelihood of being 
able to prevent a crash. In contrast to the responses to the previous item, 
competition/recreation riders more often responded that it was ‘unlikely’ or ‘highly 
unlikely’ that they could prevent themself from crashing. 
 
Table 9.64. Perceived ability to prevent crashing in next 12 months by reported 
purpose of riding 
 
 Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
Likelihood of preventing 
crash in next 12 months n % n % n % 
 
n %
             
Highly unlikely  7 16.3 4 4.7 2 3.2  2 5.9
Unlikely  9 20.9 9 10.5 4 6.3  2 5.9
Neither likely nor unlikely  11 25.6 20 23.3 21 33.3  10 29.4
Likely  11 25.6 26 30.2 19 30.2  8 23.5
Highly likely  5 11.6 27 31.4 17 27.0  12 35.3
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Table 9.65. Perceived ability to prevent crashing in next 12 months by reported 
purpose of riding, collapsed table 
 
  Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
Likelihood of preventing 
crash in next 12 months  n % n % n % 
 
n %
             
Highly unl. / Unlikely  16 37.2 13 15.1 6 9.5  4 11.8
Neither  11 25.6 20 23.3 21 31.7  10 29.4
Likely / Highly likely  16 37.2 53 61.6 36 57.1  20 58.8
             
 
A chi-squared test of the distribution showed this pattern to be significantly different 
from expected, (χ2(6) = 17.7, p < .01). 
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Figure 9.14. Perceived ability to prevent crashing in next 12 months by reported 
purpose of riding, collapsed table 
 
Kendall’s Tau rank correlations were also calculated for each riding purpose group 
between perceived likelihood of crashing and perceived likelihood of being able to 
prevent a crash. 
 
Table 9.66. Correlation between perceived risk of crashing and perceived ability to 
prevent crashing by reported purpose of riding 
 
Riding Group z tau p 
       
Competition / Recreation  -2.97 -.37 <.01 
Recreation only  -4.85 -.44 <.001 
Recreation / work  -3.42 -.37 <.001 
Work only  -2.50 -.37 <.05 
       
 
While a significant negative correlation was found within each riding purpose group, 
the direction amongst each of the perceptions was different among the 
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competition/recreation group. This group perceived that they were likely to have a 
crash and believed that the crash was mostly out of their control. The remaining three 
groups were more likely to believe that it was unlikely that they would crash and that 
they had a high ability to prevent a crash occurring.  
 
Table 9.67. Helmet usage by reported purpose of riding 
 
  Competition / Recreation  
Recreation 
Only 
Work and 
Recreation 
Work Only 
Helmet usage  n %  n % n % n % 
             
Never  0 0.0  9 10.2 19 30.6 21 61.8
Rarely  2 4.4  2 2.3 6 9.7 8 23.5
Sometimes  2 4.4  1 1.1 10 16.1 2 5.9
Frequently  41 91.1  76 86.4 27 43.5 3 8.8
             
 
Non-use of helmets was not evenly distributed across the four riding groups, with a 
much higher proportion of those riding for ‘work and recreation’ and ‘work only’ 
reporting never using a helmet. This difference was statistically significant as 
evidenced by a chi-squared test, (χ2(9) = 103.3, p < .001). 
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Figure 9.15. Helmet usage by reported purpose of riding 
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Table 9.68. Comparisons of helmet usage between reported purpose of riding groups  
 
      
Comparison group 1  Comparison group 2 χ2 a  p 
       
Competition / Recreation  Recreation only 6.6  .09
  Work and recreation 27.2  <.001
  Work only 57.0  <.001
       
Recreation only  Work and recreation 32.7  <.001
  Work only 65.0  <.001
       
Work and recreation  Work only 18.3  <.001
       
a - each comparison test had 2 degrees of freedom 
 
An ANOVA analysis similarly identified differences in safety equipment usage 
between the riding groups as being significant, F(3,218) = 20.87, p < .001. All post 
hoc comparisons were significant at the .001 level, with the exception of the 
comparison between the ‘work and recreation’ and ‘work only’ groups. 
 
Table 9.69. Safety equipment usage by reported purpose of riding 
 
Riding group  SD 
     
Competition / Recreation  3.83 0.44 
Recreation Only  3.32 0.91 
Work and Recreation  2.82 0.93 
Work Only  2.54 0.66 
     
 
Two items regarding prior participation in either on- or off-road training were included 
in the survey, with the differences across each riding purpose group presented below. 
 
Table 9.70. Formal on-road training by reported purpose of riding 
 
  Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
On-road 
Training  n % n % n % 
 
n % 
             
No  27 60.0 49 56.3 40 63.5  24 72.7
Yes  12 26.7 32 36.8 12 19.0  0 0.0
None available  6 13.3 6 6.9 11 17.5  9 27.3
             
 
While formal on-road rider training was undertaken by only a minority of all 
respondents, it was only not present among the ‘work only’ riding group.  
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Table 9.71. Formal off-road training by reported purpose of riding 
 
  Competition / Recreation  
Recreation 
Only 
Work and 
Recreation 
Work Only 
Off-road 
Training  n %  n % n % n % 
             
No  24 54.5  72 83.7 46 75.4 23 67.6
Yes  12 27.3  4 4.7 1 1.6 0 0.0
None available  8 18.2  10 11.6 14 23.0 11 32.4
             
 
Formal off-road training experience was generally less common with the exception of 
‘competition/recreation’ riders who reported a similar level of both off-road and on-
road training. Again, as with on-road training, it was not reported by any of the ‘work 
only’ respondents. 
 
Table 9.72. Other family members who ride by reported purpose of riding 
 
  Competition / Recreation  
Recreation 
Only 
Work and 
Recreation 
Work Only 
Family ride?  n %  n % n % n % 
             
No  13 28.9  33 37.5 11 18.3 7 20.6
Yes  32 71.1  55 62.5 49 81.7 27 79.4
             
 
Respondents in the ‘competition/recreation’ and ‘recreation only’ groups reported the 
greatest proportion of other family members riding off-road. The risk propensity and 
risk taking behaviour profiles of each riding group were compared as shown below. 
 
Table 9.73. Risk propensity and domain specific risk taking behaviour by reported 
purpose of riding 
 
  Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
Risk variable   SD  SD  SD 
 
 SD 
             
Risk propensity  4.13 1.36 3.75 1.49 3.15 1.45  3.08 1.60
Risk taking behaviour  11.30 3.12 11.17 3.51 10.22 2.29  9.06 3.23
Recreational  2.24 1.19 1.95 1.07 1.51 0.80  1.12 0.33
Health  2.09 0.90 2.47 1.25 2.17 1.25  1.97 1.31
Career  1.51 0.78 1.48 0.78 1.38 0.83  1.21 0.48
Finance  1.47 0.59 1.55 0.79 1.46 0.78  1.47 0.75
Safety  2.11 1.05 2.03 1.10 2.11 0.92  1.94 0.89
Social  1.91 0.96 1.69 0.75 1.32 0.80  1.59 0.53
             
 
191 
 
ANOVA analyses were used to compare each risk related measure. As post-hoc 
comparisons were undertaken, the critical p value was adjusted to .0125 (.05 / 4).  
 
Significant differences in risk propensity were found between the riding groups 
overall, F(3,220) = 5.53, p <.01, with this attributable to significant differences when 
comparing the ‘competition/recreation’ and ‘work only’ groups, and when comparing 
the ‘competition/recreation’ and ‘work and recreation’ groups. 
 
Only two of the six risk taking behaviour domains showed significant group 
differences. Reported recreational risk taking, (overall ANOVA - F(3,226) = 11.71, p 
<.001) showed significant differences for the comparisons between 
‘competition/recreation and ‘work only’; ‘competition/recreation’ and ‘work / 
recreation’, and ‘recreation only’ and ‘work only.’ Reported social risk taking overall 
ANOVA - F(3,225) = 3.82, p <.05) only identified a significant difference between the 
‘competition/recreation’ and ‘work only’ riding groups. No significant differences 
were found for the ANOVA analyses comparing health risk taking (F(3,226) = 1.91, p 
= .13), career risk taking (F(3,226) = 1.30, p = .27), financial risk taking (F(3,226) = 
0.21, p = .89) or safety risk taking (F(3,226) = 0.27, p = .85). 
 
Perceived risk of off-road riding, on a scale from 1 (not risky) to 9 (totally risky) was 
also analysed across each riding purpose group. 
 
Table 9.74. Perceived risk of off-road riding by reported purpose of riding 
 
Riding group  SD 
     
Competition / Recreation  6.53 2.43 
Recreation Only  6.58 2.32 
Work and Recreation  5.91 2.55 
Work Only  5.77 2.47 
     
 
While some variation in perceived risk was noted between the groups, an ANOVA 
indicated no statistically significant differences, F(3,224) = 1.77, p = .15. No 
significant relationship was found between the perceived risk of off-road riding and 
either risk propensity or risk taking behaviour when analysing the entire sample of 
respondents. These relationships were examined again within each riding purpose 
group to identify any potential differences. 
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Table 9.75. Correlations between risk propensity, risk behaviour scores and 
 perceived risk of off-road riding by purpose of riding 
 
  Off-road riding risk and...  Risk Behaviour and... 
Riding group  
Risk 
Propensity 
Risk  
behaviour 
 
Risk Propensity 
       
Competition / Recreation  .18 .06  .38*** 
Recreation Only  .13 -.08  .43*** 
Work and Recreation  -.25 -.11  .61*** 
Work Only  -.01 .02  .40*** 
       
*** - p < .001 
*** - p <.01 
*** - p <.05 
 
Significant relationships were again found between overall risk propensity and self-
reported risk taking behaviour within each riding purpose group. As for the entire 
sample of respondents, no significant relationships were found between perceived off-
road riding risk and risk propensity or risk taking behaviour. 
 
To specifically address Research Question 5a, regarding differing patterns of social 
interaction within the varying injury risk sub-groups, riders’ perceptions of significant 
others were detailed separately within each of the riding purpose groups. 
 
Table 9.76. Others’ perceived worry about riding safety by reported purpose of riding 
 
  Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
Social group   SD  SD  SD 
 
 SD 
             
Overall mean  2.69 0.83 2.41 0.95 2.35 0.96  2.02 0.95
             
Family  3.62 1.13 3.42 1.25 3.00 1.30  2.71 1.31
Those you ride with  2.58 1.08 2.45 1.17 2.35 1.17  2.00 1.09
Friends  2.40 0.94 2.13 1.05 2.11 1.00  1.75 1.03
Work colleagues  2.16 1.00 1.74 0.90 1.95 1.04  1.82 1.14
             
 
ANOVA analysis indicated that the overall mean of other significant groups perceived 
worry did differ significantly at a .05 critical p value, F(3,215) = 3.02, p < .05, though 
no post hoc comparison reached significance after adjusting the p value. A significant 
difference was found when comparing the worry of respondents’ family members, 
F(3,226) = 4.86, p < .01. Post hoc comparisons identified the only significant 
difference comparing the ‘competition/recreation’ and ‘work only’ riding groups. No 
significant differences between the other groups were found - those ride with, F(3,219) 
= 1.61, p = .19, friends, F(3,218) = 2.36, p = .07, and work colleagues, F(3,218) = 
1.76, p = .16. 
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Table 9.77. Others’ likelihood of encouraging safer riding by reported purpose of 
riding 
 
  Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
Social group   SD  SD  SD 
 
 SD 
             
Overall mean  3.66 0.61 3.55 0.89 3.48 0.75  3.17 1.09
             
Family  4.39 0.81 4.47 0.81 4.29 0.83  4.21 0.98
Those you ride with  3.63 0.87 3.53 1.14 3.40 1.01  2.93 1.44
Friends  3.48 0.70 3.26 1.12 3.19 1.32  2.90 0.98
Work colleagues  3.20 0.82 2.92 1.22 2.97 1.08  3.05 1.35
             
 
Comparisons between riding groups in regards to encouraging safe riding did not 
generally identify significant results for an overall composite score (F(3,213) = 2.14, p 
= .10), for family members (F(3,222) = 1.04, p = .38), friends (F(3,218) = 1.88, p = 
.14) or work colleagues F(3,218) = 1.88, p = .14. A significant difference at the .05 
level for ‘those you ride with’ was found, though none of the post hoc comparisons 
were significant at an adjusted critical value. 
 
Table 9.78. Frequency of others taking practical action to improve riding safety by 
reported purpose of riding 
 
  Competition / Recreation 
Recreation 
Only 
Work and 
Recreation 
 Work Only 
Social group   SD  SD  SD 
 
 SD 
             
Overall mean  1.87 0.96 1.94 1.07 1.75 0.99  1.74 0.95
             
Family  2.32 1.27 2.38 1.49 2.19 1.38  2.33 1.27
Those you ride with  1.98 1.12 2.29 1.40 1.83 1.14  1.64 1.10
Friends  1.67 0.97 1.70 1.16 1.54 0.89  1.60 1.00
Work colleagues  1.59 0.95 1.41 0.92 1.43 0.80  1.68 1.07
             
 
As with the encouragement of safe riding, generally no significant differences were 
found in the frequency of practical action being taken for an overall composite score 
(F(3,215) = 0.56, p = .64), for family members (F(3,223) = 0.23, p = .87), friends 
(F(3,218) = 0.32, p = .81) or work colleagues (F(3,219) = 0.91, p = .44). A significant 
difference at the .05 level for ‘those you ride with’ was found, though none of the post 
hoc comparisons were significant at an adjusted critical value. 
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Table 9.79. Rider attachment score by reported purpose of riding 
 
Riding group  SD 
     
Competition / Recreation  3.77 0.84
Recreation Only  2.80 1.05
Work and Recreation  2.54 1.13
Work Only  1.52 0.71
     
 
Comparing the rider attachment score across the riding groups, a significant difference 
was found, F(3,222) = 33.17, p = <.001. All post hoc comparisons were significant at 
the .001 level, with the exception of the comparison between the ‘work and recreation’ 
and ‘recreation only’ groups. 
 
Table 9.80. Age started riding off-road by reported purpose of riding 
 
  Competition / Recreation  
Recreation 
Only 
Work and 
Recreation 
Work Only 
Age group  n %  n % n % n % 
             
0-4  1 2.3  3 3.5 4 6.3 0 0.0 
5-9  15 34.1  9 10.5 4 6.3 3 9.1 
10-14  15 34.1  26 30.2 24 38.1 4 12.1 
15-19  9 20.5  22 25.6 13 20.6 7 21.2 
20+ (Adult)  4 9.1  26 30.2 18 28.6 19 57.6 
             
 
Riders in the ‘competition/recreation’ group were considerably more likely than other 
riding purpose groups to have started riding off-road between the ages of 5 and 9 years 
while those riding for ‘work only’ had a higher proportion of riders who began riding 
after 20 years of age. A chi-squared test of the distribution was statistically significant, 
χ2(12) = 40.3, p < .001. 
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9.6 Classification Tree Analysis 
 
While the prior two analyses allowed for the identification of the characteristics of 
certain groups of riders, they do not directly address the relationships between 
variables or rider sub-groups. Classification tree analysis (or recursive partitioning) is 
a method of analysis that “identifies mutually exclusive and exhaustive subgroups of a 
population whose members share common characteristics that influence the dependent 
variable of interest” (Lemon, Roy, Clark, Friedmann, & Rakowski, 2003, p173). The 
analysis achieves this by splitting a dataset recursively into binary groups based on the 
independent variables which maximise the differences in the outcome (dependent) 
variable. This analysis is particularly useful for exploratory analysis with a significant 
number of related variables. This is applicable in the current context, in which several 
of the predictor variables are highly related to one another. Using this process, a nested 
tree structure prioritising the effect of a number of independent variables on the 
outcome variable can be determined.  
 
9.6.1 Method 
 
In this instance, the outcome variable used was self-reported injury in the last 12 
months (logical outcome: true/false), with a number of prediction variables as 
collected in the survey entered into the analysis. These variables included: 
 
- vehicle types used (ATVs, motorcycles, both) 
- how often the respondent reported riding off-road 
- logical (binary) variables asking if the respondent rode in the locations of: 
 - motocross tracks 
 - ride parks / tour tracks 
 - farms 
 - private property (excluding farms) 
 - government owned areas (eg: forestry) 
- a logical variable asking if the respondent rode as part of an organised group 
- a logical variable indicating if any other member of the respondent’s family 
rides off-road 
- gender of the respondent 
- purposes of riding, as described in the previous section, grouped as: 
- competition and recreation 
 - recreation only 
 - recreation and work 
 - work only 
- involvement in risk taking behaviours, collapsed into the groups of high and 
low risk taking as defined in the ‘risk propensity and risk taking’ section 
presented previously  
- risk propensity, recoded as an ordinal variable based on quartiles 
 - below first quartile, as ‘low risk’ 
 - between first and third quartiles as ‘medium risk’, and 
 - above third quartile as ‘high risk’ 
 - self reported safety helmet use 
- levels of perceived ‘worry’, ‘encouragement’ and ‘practical action’, 
dichotomised into ‘high’ or ‘low’ levels on the basis of a split at the third 
quartile 
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 - age group as an ordinal variable in six groups 
- self-reported involvement at any level, as a logical variable, in the risk 
behaviour domains of: 
 - recreational risks 
 - health risks 
 - career risks 
 - financial risks 
 - safety risks, and 
 - social risks 
- ARIA+ remoteness indicator, as an ordinal variable in five groups 
  - Major Cities 
  - Inner Regional 
  - Outer Regional 
  - Remote 
  - Very Remote 
 
These variables were entered into the tree analysis using the ‘classification’ method. 
This method prioritises each recursive, binary split by the predictor variable which 
provides the greatest separation in the proportional representation of the outcome 
variable’s positive result. In this instance, this translates to the predictor variable (eg: 
ride in motocross areas?, 2 levels: yes or no) that provides the greatest binary split in 
terms of the proportion of self-reported off-road injury (eg: ride in motocross areas 
(yes) = 51% injured vs. ride in motocross areas (no) = 17%). 
 
For those predictor variables which have more than two levels (eg: risk propensity, 3 
levels: high, medium, low), all possible dichotomous pairings of the levels are 
considered for each split. For ordinal variables, these splits exclude any possible 
pairings which compare discontinuous groups, eg: 
    
risk propensity, 3 levels: high, medium, low 
  1. (high) vs. (medium/low) 
  2. (low) vs. (medium/high), but in this instance, not 
  3. (medium) vs. (high/low) 
   
‘Surrogate measures’ are also provided for each step where an alternative predictor 
variable provides a similar level of separation of the outcome variable. These 
surrogate measures are used statistically to assign group membership when data on a 
variable selected for a split is missing or unknown. 
 
This procedure repeats recursively to identify key predictor variables of interest until 
one of a particular set of stopping criteria are reached. As suggested by Everitt and 
Hothorn (2010), a conservative set of stopping rules was initially used for this analysis 
to allow for a large tree to be grown before ‘pruning’ of the model. The pruning 
process reduces the number of included predictors until the model has the  greatest 
explanatory power in the simplest form. The initial stopping rules used in the current 
analysis were specifically: 
 
 - each split needed to increase the model’s R2 value by at least 0.1%  
 - splits did not progress on nodes with less than 20 cases 
- no terminal node (no subsequent splits) could contain less than 5 cases. 
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9.6.1 Results 
 
An initial classification tree was produced, identifying several splits in the data as 
shown below.  
 
 
 
Figure 9.16. Classification tree predicting injury proportions by grouping variables 
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Using these splits, it was identified that self-reported riding in a motocross area was 
able to provide the greatest initial dichotomous separation in terms of self-reported 
injury. For those respondents reporting not riding in a motocross area, self-reported 
riding for competitive/recreational purposes was in turn associated with a higher 
proportion of crashes compared to other reported riding purposes (56.3% vs. 13.6%). 
The next most important predictors related to a higher likelihood of self-reported 
injury were in order: riding motorcycles (in isolation, or together with ATVs), being 
aged under 25 years, lower reported risk taking behaviour, riding as part of an 
organised group, being aged over 50 years and reported involvement in recreational 
risk taking. For those reporting riding in a motocross area, the next most important 
factors in order were riding monthly or more frequently, riding in a ‘riding park/tour 
track’ location and a lower self-reported level of risk taking behaviour.  
 
Model prediction. In the total sample (the ‘root node’), where only a minority of 
the respondents reported an injury, the most accurate classification with no additional 
information was ‘not injured.’ This gave a misclassification rate of 25.5%, equal to the 
proportion of respondents reporting an injury. The table below provides a 
classification table of the full model’s (as presented in Figure 6.17) prediction of 
injury versus self-reported off-road riding injury. 
 
Table 9.81. Classification table: model predicted vs. self-reported off-road riding 
injury, full tree model 
 
 Actual 
Predicted Non-injured Injured 
     
Non-injured  1621 32 
Injured  13 281 
     
1 - Correct classifications 
 
A total misclassification rate for the model presented above was 19.1%, with a 
sensitivity (true positive rate) of 46.7% (28/(32+28)) and a specificity (true negative 
rate) of 92.6% (162/(162+13).  
 
 Pruning. Selection of the most parsimonious, yet most explanatory model is 
achieved in a classification tree analysis by a ‘cross-validation’ process to account for 
spurious results. This process splits the entire dataset into 10 groups, one used as 
‘validation’ data and the remaining 9 as ‘training’ data. A tree is built using the larger 
‘training’ set of data, with the ‘validation’ data then applied to this tree to check for 
the level of misclassification. This procedure is then repeated with each group being 
used in turn as the ‘validation’ data against the remaining cases. This process is 
applied for each successive model of the tree to give the number of cross-validated 
misclassifications, along with a standard error of misclassification. The selection rule 
for the most appropriate tree model is to select the simplest tree that has a cross-
validated misclassification less than one standard error from the root model’s error 
(i.e.: statistically better prediction than having no model). 
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Table 9.82. Classification table: model predicted vs. actual off-road riding injury, full 
tree 
 
  Total Misclassifications 
 Cross Validation Results 
Level Splits Misclas. Relative error 
 Misclas. SE of Misclass. 
Relative 
error 
Relative SE 
of Misclass. 
         
Root 0 60 1.00  60 6.7 1.00 .11 
- 1 59 .98  - - - - 
- 2 53 .88  - - - - 
2 3 49 .82  72 7.1 1.20 .12 
3 4 47 .78  66 6.9 1.10 .11 
4 5 46 .77  68 7.0 1.13 .12 
5 11 45 .75  69 7.0 1.15 .12 
         
 
In this instance, none of the tested tree models showed a significant improvement in 
the cross validation results, indicating that the variables included in the model were 
not a good fit for the data. Another way of interpreting this data is to examine the 
relative sensitivity and specificity of each model in classifying self-report injury.  
 
Table 9.83. Classification table: model predicted vs. actual off-road riding injury, full 
tree 
 
Level Splits (n) Misclass. Misclass. % Sensitivity Specificity 
      
1 (Root) 0 60 25.5% 100.0% 0.0% 
- 1 59 25.1% 84.0% 51.7% 
- 2 53 22.6% 89.7% 41.7% 
2 3 49 20.9% 94.3% 35.0% 
3 4 47 20.0% 90.3% 50.0% 
4 5 46 19.6% 93.7% 41.7% 
5 (Full) 11 45 19.1% 92.6% 46.7% 
      
 
As can be seen from the above table, the results from the initial split (attributable to 
whether or not respondents ever rode in a ‘motocross area’) were not improved upon 
substantially with the addition of further variables to the model. 
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9.7 Discussion 
 
This chapter presented an analysis of a survey of off-road riders drawn from across 
Queensland. These analyses added further context to the findings from the previously 
presented injury analyses by considering the off-road riding population generally.  
The chapter presented analyses regarding individual rider characteristics, their 
behaviour, psychology and social interactions. With the inclusion of items regarding 
self-report injury status, comparisons were able to be made between injured and non-
injured riders. Analyses also identified other distinct groupings of riders with varying 
individual and social characteristics. In particular, differences between riders on the 
basis of their riding purposes were identified. The following sections review the key 
findings from the survey analyses.  
 
9.7.1 Respondent characteristics 
 
Before reviewing the findings, it is important to consider the characteristics of those 
who chose to respond and the potential effects this may have on the generalisability of 
the current findings. The gender of respondents was representative compared to the 
InSPiRS sampling frame, though the age of respondents was biased towards the older 
ages in line with the existing bias in the InSPiRS panel. While attempts were made to 
address this through targeted recruitment via internet forums and survey advertising at 
TAFEs and other colleges, this was eventually abandoned as a low number of 
responses resulted from these extra efforts. This age bias is also reflected across 
responses to other age-related survey items such as the level of reported riding 
experience. 
 
It is also worth considering the relationship between age and risk taking constructs, 
which a substantial part of the current survey measured. While a desire to take part in 
risky behaviour has been conceptualised as a consistent trait across the lifespan, there 
has also been evidence to suggest that risky attitudes and behaviours themselves are 
more likely to manifest at younger ages (Rolison, Hanoch, & Wood, 2012; Steinberg, 
2007). The general applicability of the current findings regarding risk taking should 
thus be tempered by an acknowledgement of the bias that an older sample of riders 
may introduce. It is worth noting however that a number of traditional ‘risky’ riding 
behaviours were reported by those in the focus groups in Chapter 5 of this document, 
which was also skewed towards riders in older age groups.  
 
Most of the riders returning surveys were employed full-time, with an 
overrepresentation compared to the Queensland population of those with trade 
certificates, diplomas, or less than year 12 as the highest completed level of education. 
This is largely in line with the characteristics of injured north Queensland riders from 
the Rural and Remote Road Safety Study (Sheehan et al., 2008) which were analysed 
earlier in Chapter 7 and past research profiling riders in the urban south-east 
Queensland area (Strategic Leisure Group, 2009). This provides evidence towards 
Research Questions 3a and 3b that those persons with trade experience are both more 
likely to be involved in off-road riding, as well as more likely to be injured while 
participating in the activity. 
 
There is thus no indication that the current sample was biased in terms of self-reported 
employment and educational qualifications. There was also no indication that riders 
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from rural and remote locations were any more likely to respond compared to the 
proportions of riders in each area noted in the overall InSPiRS panel. Whether the 
overall panel sample of riders had a rural bias is difficult to ascertain without an 
existing indication of the off-road riding population, which has not been well defined 
by previous research.  
 
9.7.2 Riding characteristics 
 
Identifying common individual riding characteristics and contexts of the respondent 
population provides further evidence towards addressing Research Questions 3a and 
3b. A relatively small proportion of respondents reported riding off-road at a daily 
frequency, with a large proportion of the sample responding that they would only ride 
monthly or less often. This is comparable to the survey of recreational riders in 
Queensland which showed that 45% of such respondents rode less often than once 
every three months (Strategic Leisure Group, 2009). It is however likely with an 
increasing prioritisation of providing off-road riding areas in Queensland (Department 
of Communities, 2011a), that this may increase in the future for recreational riders 
specifically. 
 
Farms were a commonly reported riding location, reported by nearly 90% of the 
respondents. This proportion of riders was significantly larger than the next most 
common riding locations of private properties and government properties, where only 
approximately 40% of respondents reported riding. As noted in the background 
literature review, crashes involving riders in farm environments frequently involved 
recreational riding (Franklin & Davies, 2003). This overlap of riding purposes was 
found in the current survey data, with a substantial proportion of the current sample 
responding that they rode for both work and recreational purposes. Recreational riding 
was however the most commonly reported riding purpose overall. The differences 
identified between riders on the basis of their reported riding purposes are discussed in 
further detail in the following sections. 
 
The overlap between those riding motorcycles (or ATVs) both on-road and off-road 
was substantial, with 60% of the sample reporting using the vehicles in both contexts. 
This does however indicate that there is a notable proportion of exclusively off-road 
riders. This suggests that while targeting off-road riders through interventions directed 
towards registered motorcycle riders may reach a substantial segment of the 
population, it will also miss many riders. If off-road riders were to be accessed using 
registration records, prior identification of those riding dual-purpose vehicles would 
allow for the most efficient targeting, as indicated by the previously identified high 
proportion of these riders using vehicles in an off-road context in New South Wales 
(W. Harrison & Christie, 2003). 
 
9.7.3 Rider attachment 
 
There was significant variation in responses but a generally low level of attachment to 
other off-road riders was reported. As evidence towards Research Question 3b, this is 
an indication that off-road riders may not be a homogenous group of people with 
similar cultural norms or influences. This is discussed further below regarding the 
different rider attachment levels in relation to riding purposes. Similarly, while a 
number of the rider interviews presented in Chapter 5 identified potentially positive 
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aspects of riding within a structured club environment such as screening of riders’ 
equipment and checking of riding areas, only a minority of survey respondents 
reported ever riding as part of an organised group. One potential reason for this noted 
by Hibbins (2002) is a clear distinction between those riders who report wanting to be 
involved in competitive or controlled context versus those favouring an unstructured 
experience. Future research should investigate further the differences in attitudes, 
behaviours and injury outcomes between those who are involved in organised versus 
casual riding. 
 
9.7.4 Enforcement and regulation 
 
In line with the limited access that authorities have to police private properties and the 
previously identified difficulties with enforcing such a mobile behaviour (eg: 
Department of Sustainability and Environment, 2005b), there was a uniformly low 
level of reported exposure by respondents to enforcement from police or other 
authorities. This highlights the limited role of enforcement groups as an ecological 
influence on behaviour in addressing Research Question 3b. Reported exposure to 
authorities did increase significantly however when considering only those riders who 
rode in government owned areas and riding parks. This limited scope of enforcement 
is likely to be maintained unless legislation and policy changes allow for monitoring 
of behaviour on private premises. 
 
9.7.5 Safety messages 
 
As with the relatively infrequent direct experience of enforcement, recall of targeted 
safety messages was uncommon. In relation to Research Question 3b, this suggests a 
lack of safety-related messages typifies the influence of the media on off-road riders. 
Those that stated they did remember a message often did not recall any specific 
message, with the possibility that remembered messages were not necessarily related 
to off-road riding. Basic safety promotion through the encouraged use of safety 
equipment was most often reported, though there was little encouragement regarding 
strategies for safe riding or behavioural intervention. There is thus considerable scope 
for addressing further issues within the off-road riding community. Basic issues such 
as the use of alcohol, speed, risk-taking and rider planning have all been targeted as 
part of on-road motorcyclist educational material (Department of Transport and Main 
Roads, 2010) and would likely be applicable to the off-road riding context. 
 
9.7.6 Safety equipment 
 
Reported levels of safety equipment use in the current sample were similar to that 
reported by Rodgers’ (1999) study of U.S. ATV riders, from which the current survey 
questions were drawn. In both cases, frequent use of helmets and long pants was 
found, with less usage of equipment such as goggles and gloves. Generally then, in 
relation to Research Question 3a, the use of helmets was a common behaviour among 
the majority of riders. A significant proportion of riders did however report never 
using helmets (22% in the current study and 32% in Rodgers’). This is particularly 
worth noting in light of the greater compliance with helmet use in Australia compared 
to the United States. While only 55% of fatally injured on-road riders in the U.S. in 
2009 were identified as wearing a helmet (NHTSA, 2011), this was 84% for the state 
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of Queensland for the same period (DTMR, 2011)5. The current evidence provides 
some indication that comparisons between U.S. and Australian off-road riders may be 
more valid than their on-road counterparts, potentially due to less difference in the 
levels of enforcement applied to off-road riding behaviour compared to on-road. 
 
Efforts to increase the use of helmets for motorcycle riders in off-road contexts would 
be beneficial. A clear relationship between head injuries and an increased probability 
of poorer casualty outcomes has been established in a number of injury contexts 
(Gennarelli et al., 1989). As discussed above, safety equipment usage was the most 
reported safety message received by respondents, but this has not translated 
universally to high wearing rates. While the current study did not have a focus on 
vehicle-related safety interventions such as ATV roll over prevention devices, future 
research may wish to explore both personal protective equipment use and how this 
may act alongside on-vehicle safety countermeasures. The usage of helmets and safety 
equipment generally did differ substantially between each riding purpose group, which 
is discussed in more detail in the following sections.  
 
9.7.7 Risk measures 
 
It was noted above that the use of off-road vehicles for recreational purposes was 
reported by the majority of respondents. Despite this and previous literature suggesting 
that a history of risk taking behaviour in a ‘recreational’ context would characterise 
those riding off-road motorcycles, this was not the case in the current study. In fact, 
involvement in ‘health’ and ‘safety’ risk taking behaviours in the last 12 months were 
reported more often. Considering the off-road riding population as a whole, riders 
were not generally typified by a ‘recreational’ or ‘sporting’ style of risk taking. The 
wording of the questions used in the survey, as defined by the authors of the chosen 
Risk Taking Index (Nicholson et al., 2005), may be able to partially explain this 
pattern of responding. The examples provided in the current survey for ‘health risks’ 
included ‘smoking, poor diet, high alcohol consumption’, while the examples for 
‘safety risks’ were ‘fast driving, cycling without a helmet.’ Previous research has 
identified high alcohol consumption and binge-drinking across Australia nationally, 
with around 60% of alcohol being consumed at high-risk levels for acute harm 
(Chikritzhs et al., 2003). In a similar vein, approximately 80% of respondents to 
regular Australian driver surveys report at least occasionally driving 10km/h over the 
posted speed limit (Petroulias, 2009). Thus, in considering the common individual risk 
taking behaviours that typify off-road riders for Research Question 3a, previous 
research suggests the predominance of health and safety risk taking may be a 
reflection of common risk taking within the general population. 
 
Unfortunately, comparison data was not collected regarding the risk taking behaviour 
profile of those in the general Queensland population not taking part in off-road riding. 
Future research should seek to compare the current results to a matched sample of the 
general population to identify any distinct characteristics of those involved in off-road 
riding. Career and financial risks were the most infrequently reported risk taking 
among the respondents of the current survey. This is in line with the existing research 
on domain-specific risk taking, where this type of risk taking has been shown to be 
concentrated more so among those working in the financial sector or frequent 
                                                 
5 These figures also included cases with an ‘Unknown’ helmet wearing status, which constituted 6% of 
Queensland fatalities and 3% of U.S. fatalities. 
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gamblers (Nicholson et al., 2005; Weber et al., 2002). The overall risk propensity 
measure ('Risk Propensity Scale': Meertens & Lion, 2008) was correlated to self-
reported involvement in all domains of risk taking, but was most highly correlated to 
recreational risk taking. Thus, while the current study supports the use of this 
instrument as a general measure of risk propensity, it may not equally represent risk 
taking across all domains.  This also provides support for not only considering global 
risk propensity but also the nuances of risk taking in different contexts.  
 
The levels of reported risk taking may also be an issue for consideration for future 
research. Reports of ‘never’ taking risks in a number of domains was common. While 
it is possible that this was indeed the case for the current sample, the examples 
provided may have actually been too specific and limited the perceived scope of the 
questions. Providing a more extensive list of examples may allow the global nature of 
the question to be retained while still allowing for the brief nature of the instrument to 
be maintained. There may also be a possibility that respondents did not consider 
behaviours they had taken part in as being ‘risks’ per se. That is, the risk behaviour 
categories were broad and subjective, and only able to provide an indication of the 
level of self-reported behaviour. Future studies should expand on the examination of 
specific risk behaviours to more clearly describe the risk profile of off-road riders.  
 
9.7.8 Significant others 
 
A high proportion of all respondents reported that other family members also ride off-
road. This highlights the substantial role that significant others within the family unit 
could have in terms of influencing riding behaviour. Attitudinal shift among older 
riders who younger riders may ‘look up to’ and respect could well be influential, as 
noted earlier in the rider interviews (Chapter 5). The potential effect of other key 
individuals was also noted when considering respondents’ experience of formal 
training. Formal training experience was not common, particularly when considering 
off-road riding training specifically. Following from this lack of formal training, 
almost all initial riding instruction was provided by friends or parents or through self-
instruction (in decreasing order of proportion of responses). Thus, there is 
considerable room for the provision of formal rider training to off-road riders. Given a 
history of inadequate training availability, the potential uptake and viability of formal 
rider training would need to be investigated further. The known issue of the low 
effectiveness of training programs on rider safety outcomes (N. Haworth & Mulvihill, 
2005a) would also need to be addressed, potentially through the inclusion of extended 
psychological and social variables which have been shown to be related to rider safety 
(Watson et al., 2007).  
 
Compared to other groups of ‘significant others’, family members were reported to 
worry more about riding safety, encourage safe riding more frequently, and also to 
more frequently take practical action to increase rider safety. This ties in with the 
above findings that riders frequently reported that others in their family also rode off-
road, and may even possibly represent a simple exposure effect of family members 
more commonly having interaction with the respondent as a rider. 
 
While there were relatively high levels of reported encouragement to ride safely and 
indications of concern for safety, there was only minimal reported practical actions 
taken to improve safety. As noted in the focus groups, responsibility for rider 
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behaviour and injury prevention was specifically attributed to the individual rider 
themselves. The role of the individual in preventing crashes and injury should not be 
overlooked given the high proportion of single vehicle casualty incidents identified in 
the data analysis presented previously in Chapters 6 and 7. These findings highlight a 
need to provide riders with further specific information regarding strategies that can be 
adopted to improve safety and educational material. It is acknowledged however that 
this may be problematic to administer in the context of a group attitude that you “can’t 
teach common sense” (see rider comments in Chapter 5). 
 
In terms of reported influence on safety, a clear difference in terms of the distributions 
was found again when comparing the differing groups of significant others. The 
influence of family members was universally positive in comparison to other groups. 
‘Other riders’, ‘friends’ and ‘work colleagues’ were most often reported as having no 
influence either positive or negative on safety from a rider’s perspective. This result 
may be partially attributable to the older age group of the riders, who may be less 
likely to ride and be influenced by friends. Greater extremes of negative and protective 
effects of peers on behaviour of young people have been noted in past research 
(Gardner & Steinberg, 2005). Repeating the current analyses with a larger group of 
riders including a larger proportion of young riders would be needed to investigate if 
the findings regarding the current sample are generalisable. 
 
These results regarding significant others provide evidence towards Research Question 
3b, addressing the common ecological influences on off-road riders. The frequent 
impact of family members was continually highlighted whether in terms of their 
involvement in initial instruction, encouragement towards riding safety or their 
perceived impact on safety. There was however a generally low level of practical 
actions taken to improve safety, and little formal training reported by respondents. 
Together, these results suggest little direct action to improve safety among off-road 
riders, but a general culture of encouragement to ride safely from family members. 
 
9.7.9 Perceptions of crash likelihood 
 
There was a range of responses to the survey items regarding likelihood of crashing 
and perceived ability to prevent crashing. To typify the group of respondents in 
addressing Research Question 3a, there was a trend towards reporting a low likelihood 
of crashing and a high likelihood of being able to prevent crashing. There were 
however clear differences identified when separately considering those respondents 
who reported low and high crash likelihoods. 
 
The low perceived crash likelihood group showed a distribution of responses 
indicating a generally high likelihood of being able to prevent a crash. This finding is 
in line with theoretical conceptualisations regarding self-efficacy put forward in 
theories such as the Theory of Planned Behaviour (Ajzen, 1991), Health Action 
Process Approach (Schwarzer, 1992) and Social Cognitive Theory (Bandura, 1997). 
All of these theories, whether referring to the general construct as ‘Perceived 
behavioural control’, ‘task efficacy’ or ‘self efficacy’, relate to how much control one 
feels they have over their behaviour and environment. A greater perceived level of 
control over behaviour is then logically linked to a greater likelihood of intending to 
behave in a certain way, and ultimately to actually behave in a certain way. The results 
of the current study suggest that those who perceived themselves as being unlikely to 
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crash in the next 12 months also had a relatively high level of perceived control over 
the eventual outcome. 
 
The reverse was also found to be true, though to a lesser degree. The high perceived 
‘crash likelihood’ group was more evenly spread, with the modal response being that 
they were ‘neither likely nor unlikely’ to be able to prevent a crash. Interpreting this in 
light of the earlier focus group discussions, it may be the case they neither see their 
actions as increasing or decreasing their chances of being injured in the next 12 
months. This would translate to a generally low level of perceived control over the 
behaviour for those who seem to not think they are likely to be able to prevent injuring 
themselves. These perceptions are discussed in more detail in the next section in 
relation to self-reported injury.  
 
9.7.10 Differences between injured and non-injured riders 
 
This section reports on comparisons between the two groups of riders identified 
through a cluster analysis of the survey’s risk taking and safety related variables. The 
results of this cluster analysis corresponded to the self-report of injury in the prior 12 
months. As such, the factors identified in this discussion section particularly address 
Research Questions 4 and 5, aiming to identify individual characteristics, behaviours  
and contexts related to a higher risk of injury. 
 
A higher proportion of males was identified in the injured group, even more than the 
existing gender bias among the respondents. This provides an indication that the 
overrepresentation of males among off-road riding casualties may be due to actual 
risky behaviour over and above their representation in the off-road riding population. 
The findings of a higher proportion of the younger age groups being represented 
among the injured group compared to the older age groups is in line with past research 
regarding the greater risk of younger riders and drivers in general (Rolison et al., 2012; 
Steinberg, 2007). Inexperience and greater risk taking while riding have all been noted 
as factors for this overrepresentation in past research. This finding may additionally 
relate to the types of riding that younger riders take part in which puts them at a 
greater risk of crashing by the nature of the riding context itself. 
 
A significantly higher level of overall risk propensity was noted in the injured group. 
No differences were however identified between the two groups in regards to the self-
reported risk taking behaviour index, which did not identify injured riders as reporting 
a significantly higher level of overall risk taking behaviour in the previous 12 months. 
This indicates the complexity of the relationships between risk propensity, risk taking 
behaviour and injury outcomes. While positive correlations were found between risk 
taking and risk propensity as well as between risk propensity and injury, no 
relationship was found between risk taking behaviour and injury. As mentioned above, 
the risk taking behaviour scale may have been problematic in that what is actually 
perceived as ‘risk-taking’ may vary across respondents. The generally low reported 
risk taking levels in the study may also have influenced the potential separation 
between the low and high risk groups. 
 
Some clear trends in regards to the types of riding reported were identified. Injured 
riders were much more likely to report taking part in competitive riding or riding 
recreationally with a frequency greater than ‘rarely.’ The proportion of respondents 
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reporting riding for work purposes did not however differ between the two groups. 
This may be attributed to the substantial overlap between riding purposes. 
Involvement in work-related riding does not preclude involvement in recreational or 
competitive riding, though injuries may be more likely to be incurred in these latter 
riding contexts. There is also the possibility that recreational or competitive riding 
behaviours may be undertaken during a work riding context, which could potentially 
increase the risk of injury. Substantial proportions of both on-farm and off-farm riding 
injuries have been identified as being due to recreational vehicle use (Goldcamp et al., 
2006).  
 
Riding as part of an organised group was also identified more highly in the injured 
group. Again, this may be related to the type of riding being undertaken rather than the 
club environment itself directly encouraging a riskier form of riding. The balance of 
the positive and negative effects of club riding would need to be investigated in more 
detail in future research to clearly differentiate the effects. Family involvement in 
riding was consistently high across both crash and non-crash involved riders, with no 
difference between the two groups. While this reinforces the potential role of family 
members in the promotion of riding safety, it also indicates that the current input by 
family members may not be a significant factor in preventing riding injury. This could 
be potentially attributable to the perception of riding safety as a ‘personal 
responsibility,’ as frequently stated in the earlier rider interviews (Chapter 5). 
 
Past research has acknowledged that a prior history of injury or crashes is a significant 
predictor of future experience of the same (Chandraratna, Stamatiadis, & Stromberg, 
2006; Van Mechelen et al., 1996). The injured group in the current survey appeared to 
accurately acknowledge that off-road riding is risky and that they had an increased 
future likelihood of crashing compared to the non-crash group. While no significant 
difference was found between the two groups in terms of their perceptions of the risks 
of off-road riding, the results were in the direction of the injured group recognising the 
behaviour as potentially more risky. The modal response of the injured group was in 
fact ‘total agreement’ that off-road riding is a risky activity. Thus, there does not 
appear to be an issue of a lack of insight or a need to highlight the risks to those who 
are at an increased risk of injury. The injured riders also accurately noted that they 
were at higher risk of crashing in the next 12 months, but also considered themselves 
less likely to be able to do anything to prevent their crashing. Taken together, this 
indicates that those off-road riders who have been injured are aware of the risks of 
riding but perceived that experiencing future riding injuries was largely out of their 
control. This was also reflected in the earlier interviews where there was a 
predominantly ambivalent attitude towards the potential for interventions. Riders 
generally perceived that little could be done without impacting the perceived positive 
or enjoyable aspects of off-road riding. 
 
A number of items were also asked regarding the self-reported perceptions and actions 
of significant others regarding riding safety. Comparing the responses to these items 
between the injured and non-injured riders in part addresses Research Question 5 by 
highlighting the different patterns of social interactions. There was a general trend 
towards the injured riders reporting more positive actions by significant others than the 
non-injured cluster. Significant others of injured riders were generally perceived to 
worry more about riding safety; be more likely to encourage safe riding, and to more 
often take practical action to improve safety. Thus, injured riders consistently reported 
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significantly more positive attitudes towards safety being held by their significant 
others. The question to address then is why the group that reported crash involvement 
also reported having had greater support to ride more safely? This situation may be 
analogous to the identification of risky drinkers by whether others have expressed 
concern about their alcohol consumption, as used by the AUDIT (Alcohol Use 
Disorders Identification Test, Babor et al., 2001) instrument. That is, those who ride in 
the most risky manner may receive more encouragement to ride safely as there are 
more potentially risky behaviours that can be targeted. This inverse relationship 
between a greater proportion of injuries and more support to ride safely may be 
attributable to the style of riding being undertaken by these riders. As noted above, 
injured riders were more likely to ride for recreational or competitive purposes. It is 
possible that particular types of riding involve a greater level of risk and provide more 
reason for significant others to be concerned. This may then mean that significant 
others may take more action and have better attitudes towards riding safety, but this 
may not translate into actually outweighing the risks. 
 
Past research has additionally pointed to the potentially weaker impact of significant 
others on actual behaviour. Subjective norms, relating to significant other’s beliefs 
about taking part in a behaviour, have been noted as the weaker component of 
theoretical models such as the Theory of Planned Behaviour (TPB, Armitage & 
Conner, 2001). Attitudes, along with actual and perceived control over a particular 
behaviour, have been noted as the stronger predictive variables of the TPB model. As 
mentioned above, despite riding being a relatively social activity, a number of the 
immediate factors leading to a crash come down to an individual rider’s decision 
making. This individual decision making leading to a crash event was noted in the 
earlier rider interviews as ‘doing something stupid’ or ‘going that little bit extra.’  
 
Among the current respondents, injured riders reported significantly greater use of 
protective equipment overall. Injured riders were also more likely to ride two-wheel 
motorcycles; ride competitively or recreationally, and ride as part of an organised 
group. This presents a picture of a more serious group of off-road riders who are more 
likely to take basic precautions to protect themselves while engaged in sporting use of 
off-road vehicles. Indeed, this was noted by responses to the researcher’s calls for 
participation that expressed disbelief that any off-road rider would not wear a full kit 
of personal protective gear. The differential levels of safety equipment usage 
dependent on riding purposes are discussed further in the following section. 
 
9.7.11 Differences between riders on the basis of purpose of riding 
 
To further investigate the potential effect of differing rider types, a number of the key 
variables were also analysed within the four riding purpose groups of ‘work only’, 
‘work/recreation’, ‘recreation only’, and ‘competition/recreation.’ In line with the 
analyses comparing crash and non-crash involved respondents, those riding for 
recreation, and particularly those riding for a mixture of competitive and recreational 
purposes, were more likely to report being injured in the prior 12 months compared to 
the other groups. All of the riding purpose groups did have at least a small proportion 
of self-reported injured riders, though more than double the proportion of respondents 
in the ‘competition/recreation’ group reported being injured compared to any other 
group. A large proportion of those riding as part of an organised group were contained 
within the ‘competition/recreation’ riding group. However, even among the 
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‘competition/recreation’ riders, only a minority of riders interacted as part of an 
organised riding group. These results thus contribute to Research Question 5 in 
identifying that the recreational or competitive riders who ride in an organised context 
are more likely to experience injuries. 
 
The greater representation of males among the crash-involved group as discussed 
previously could be attributed in part to the different types of riding undertaken by 
each gender. Female riders represented less than 10% of the ‘competition/recreation’ 
group, yet made up over 40% of those riding exclusively for work purposes. The effect 
of riding context may be a partial explanatory factor for the underrepresentation of 
females among off-road riding casualties. Similarly, the current data suggest that some 
of the age-related risks of riding may be tied to the differing types of riding undertaken 
by each group, with younger riders being much more likely to ride for recreational and 
competitive purposes and work related riders being more likely to be older. Research 
Question 5b is thus addressed by these findings in identifying gender and age 
differences with regards to reasons for riding. 
 
The differences between groups in their perceived likelihood of crashing and 
perceived likelihood of preventing crashing were only significant for those 
comparisons between the ‘competition/recreation’ group and other riding purpose 
groups. This indicates that the more sporting nature of those riding for competitive 
purposes is reflected both in a perception of a greater risk and a lower perceived 
ability to prevent crashing. It should be acknowledged that the riskiness of a particular 
type of riding and the thrill the participant experiences may in fact be a substantial part 
of its attraction (Lyng, 1990). This finding is relevant to Research Question 5b as it 
indicates that ‘competitive/recreational’ riders are a distinct group that may not believe 
the risks of their context of riding are controllable. 
 
The higher perceived crash risk of the competitive and recreational riders was 
additionally reflected in their reported greater use of safety equipment. While 
‘frequent’ helmet use was often reported for the ‘competition/recreation’ (91%) and 
‘recreation only’ (86%) riding groups, a large decrease in the wearing rate was noted 
in the ‘work/recreation’ (44%) and ‘work only’ (9%) groups. A similar pattern was 
also found when considering overall usage of other safety equipment such as helmets, 
gloves, pants and boots. It appears that much more attention to safety equipment is 
being done by those competitive and recreational riders who have a higher likelihood 
of injury. The crash risk perceptions discussed above and the opinions expressed in the 
focus groups indicate however that tertiary rather than primary prevention of injury is 
the focus of many of the more competitive or recreational off-road riders. These 
findings add to Research Question 5b, in that the ‘work only’ and 
‘competition/recreation’ groups are polar opposites in terms of their use of safety 
equipment. 
 
Specific off-road training was also most often reported by the recreation/competition 
group, with a very low proportion of other riders reporting any training. Unfortunately, 
no information was collected in the current survey on the content of the training 
undertaken. Given the more sporting characteristics of those most likely to have 
attended training, it could be speculated that this training would have focused on 
riding skills, rather than any extensive safety-related information. While the current 
finding and previous evidence regarding motorcycle training have not indicated skills-
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based training as an effective injury prevention strategy, expanded training with a 
stronger focus on extended issues such as risk taking and ride planning may have a 
positive effect. 
 
Those taking part in ‘competitive/recreational’ riding had a significantly higher risk 
propensity compared to those only riding for work or riding for a mix of work and 
recreational purposes. Thus, there appears to be a link between risk propensity and the 
riders’ involvement in different types of riding. The positive association between risk 
propensity and self-reported injury may be then partially attributable to the chosen 
context of off-road riding rather than a direct link. That is, involvement in a high-risk 
riding context may serve as a mediator for the expression of risky behaviours which 
would otherwise not be undertaken in a different context. 
 
In terms of self-reported risk taking across various domains, it was identified that 
those taking part in more competitive or recreational riding had a significantly higher 
reported level of recreational risk taking. There was no indication however that 
recreational risk taking typified off-road riders as a whole. Risk taking in this 
recreational domain may thus be key to predicting involvement in higher risk riding 
behaviours and subsequent injury. This finding adds further evidence to Research 
Question 5b in that the competitive and recreational riders were found to have a 
distinct risk-taking profile that may be a predictor of injury. This finding also raises 
issues as to whether off-road riders should be conceptualised as a homogenous group 
of risk takers. As noted above, the choices of involvement in different types of riding 
may contribute to and interact with individual factors. No differences were noted 
between the riding groups in terms of self-reported safety and health risk taking, 
despite these being the types of risk taking which most characterised all riders 
responding to the current survey. Although no comparison sample from the 
Queensland non-rider population was collected, this could be potentially attributable 
to common involvement in these risk types among a high proportion of the population. 
Levels of self-reported recreational risk taking may thus be more predictive of 
involvement in riskier modes of riding and subsequent injury, and should be explored 
in greater depth in future research. 
 
The proportion of other family members riding was noted previously as being high 
across the entire sample. This high level of family involvement was consistent across 
all different riding types, though a significantly higher level of family involvement 
was noted for those riding predominantly for work purposes. While this finding does 
not identify that any group of riders is uniquely influenced by family members, it does 
add to Research Question 5a by identifying their involvement as being more 
commonplace for ‘work-only’ riders. It may also be worthwhile in future research to 
examine the effect on injury outcomes dependent on whether other riders in the family 
also ride for the same purposes, in what circumstances they ride together, and whether 
they take on a supervisory role. 
 
In terms of the influence of others, a general pattern was present in that those riding 
for recreational purposes or a mixture of recreational and competitive purposes 
reported more worry about riding safety, encouragement of riding safety and practical 
action to improve safety by significant others. Most of these differences did not 
however reach statistical significance. Thus, despite the known differing risk of injury 
across differing riding contexts, there did not appear to be a significantly higher input 
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of safety related influences for the most at-risk riders. These results suggest that in 
answering Research Question 5a, the safety related influence of significant others does 
not vary significantly in line with the risk associated with the riding context.  
 
Following from this finding, rider attachment increased gradually (and significantly 
for most comparisons) moving from those riding only for work purposes to those 
riding also for recreation, to those solely riding for recreation, to those riding for 
competition and recreation purposes. While recreational/competitive riders had 
between a ‘moderate’ to ‘strong’ attachment to other off-road riders, work-only riders 
had an attachment level equating to between ‘none at all’ or ‘weak.’ It would thus be 
likely that closer relationships would exist with other riders among those riding for 
recreational or competitive purposes. Targeting the visible ‘off-road riding 
community’ that identifies as such may then only capture a relatively small proportion 
of all riders, albeit those that are most likely to be injured.  
 
9.7.12 Classification analysis 
 
While the classification tree model was not able to make an accurate prediction of self-
reported injury given the input variables collected in this study, it did provide an 
indication of some of the strongest predictors. The classification tree analysis 
identified the key predictors of injury to be the riding location and riding purposes of 
riders. It is difficult though to disentangle the order or causal direction of the 
relationships between riders’ personal or psychological characteristics, the types of 
riding taken part in, and locations of riding. It may be the case that certain 
psychosocial characteristics lead riders to be more likely to be involved in certain 
types of riding, or that long-term involvement in certain types of riding affects riders' 
interpretations of key constructs like risk taking. Regardless of the direction of the 
effect, the current analysis suggests that the type, purpose and frequency of riding are 
key structural elements that should be considered for off-road riding injury prevention 
efforts. 
 
In particular, those that ride for ‘competition/recreation’ purposes and had been 
involved in riding in a motocross location were noted as having higher proportions of 
injury. This should not however be misinterpreted as stating that the majority of 
injuries to off-road riders were incurred while using a vehicle in a motocross location. 
Rather, in the context of the current survey, it indicates that those riders who are 
involved in riding within a motocross location were likely to report an injury in any 
off-road riding context. Future research including questions regarding the location and 
purpose of riding at the time of injury would allow for this issue to be addressed more 
completely.  
 
A greater frequency of riding off-road was also noted as a key correlate of injury. This 
finding is in line with Chapter 5’s analysis of hospitalisation data which identified that 
the frequency of off-road riding injuries has increased in line with increasing sales of, 
and presumably increasing use, of off-road vehicles. This provides an indication that 
riders' level of involvement in the behaviour should be considered as an important 
element in determining the injury risk of their riding. Accounting for levels of 
exposure is however difficult in contexts such as off-road riding, where the behaviour 
is not closely monitored or necessarily subject to licensing and registration.   
 
212 
 
The relatively small sample size used in the current study was a limitation to 
determining clear results from a multivariate analysis. Repetition of the current 
analyses with a larger, more diverse sample with a larger group of riders reporting an 
injury would benefit future analyses substantially. While the classification tree 
analysis method does not require very large sample sizes to analyse a large number of 
predictor variables, it is known to produce relatively variable results when only a small 
sample is used. 
 
9.8 Chapter Summary 
 
This chapter reported on a survey of off-road riders, analysing the characteristics of 
this population in regards to both individual characteristics and social interactions. 
Topics discussed included the types of riding engaged in, attachment to other off-road 
riders, the experience of enforcement, recall of targeted media messages about safety, 
the levels of use of safety equipment including helmets, the risk taking profile of off-
road riders, the safety influence of significant others and riders’ perceptions regarding 
the risks of off-road riding and crash likelihood. Key differences between riders on 
these factors by self-reported injury status and purpose of riding were also discussed. 
The following chapter summarises the results of both this survey chapter and the 
previous research chapters and reviews how these results are related to each of the 
research questions outlined in Chapter 4. 
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10 Summary of Research 
 
This program of research was undertaken with the goal to develop recommendations 
for injury prevention interventions for off-road riders. The core aim of the research 
was to understand the nature of off-road riders and their injuries to inform these 
recommendations. A number of data sources were analysed to contribute to the 
development of these recommendations. These data sources were: 
 
1. Interviews and focus groups conducted with off-road riders (Chapter 5) 
2. Characteristics of off-road riding injuries from Queensland-wide hospital 
admissions data (Chapter 6) 
3. Injury and interview data on riders and crashes from the Rural and Remote 
Road Safety Study (Chapter 7) 
4. Population level data examining the numbers and characteristics of off-road 
riders from a state-wide survey panel (Chapter 8) 
5. Surveys completed by off-road riders (Chapter 9) 
 
Each of these data sources provided complementary information in regards to off-road 
riders and their injuries, with a focus on both individual and contextual factors. While 
the secondary data analyses of hospital admissions focused on describing the 
characteristics and circumstances of injuries incurred by off-road riders, the interviews 
and survey panel data described the nature of the off-road riding population more 
generally. The final survey of riders provided information on both injured and non-
injured riders and enabled comparisons to be drawn between these two groups. The 
key findings of each of these studies, along with the literature review and background 
to these studies, are described in the following section. 
 
10.1 Review of findings 
 
10.1.1 Literature review and background 
 
The literature review raised a number of key issues. There has been limited research 
attention given to off-road riding and related injuries, or detailed information about 
what injury prevention interventions are likely to be effective. In contrast, publications 
have shown increasing sales and use of off-road vehicles, indicating a continued need 
for attention to safety issues. The off-road riding population is known to be largely 
male, with a high proportion of riders in younger age groups. Beyond basic 
demographic details, few studies have specifically outlined more detailed personal 
characteristics. Those that have collected this extended data have highlighted the off-
road riding population’s diversity in terms of age, regularity of involvement, 
motivations for riding, educational backgrounds and social riding contexts. A 
consistent finding was that off-road riding was primarily considered a social activity, 
whether taking place with friends, family or as a member of an organised riding group. 
 
The literature review also reviewed the risks of off-road riding. A number of factors 
were identified as being associated with an increased risk of injury from off-road 
riding, including non-use of protective equipment, inexperience, vehicle instability, 
riding impaired by alcohol and drug use, rural and remote riding and recreational as 
opposed to occupational vehicle use. Despite the identification of these risk factors, 
there has been little information published regarding intervention strategies for off-
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road riders. While broad guidelines encouraging safe behaviours like the use of 
helmets and no alcohol-impaired driving have been published, there have been few 
evaluations of specific interventions. The limited published evidence suggests that 
targeted enforcement of illegal riding, the provision of dedicated riding locations, or 
high-level legislative changes restricting high-risk young riders has been successful. 
Other studies have suggested that off-road riding injuries may persist even with 
diverse interventions. 
 
10.1.2 Psychosocial basis for off-road riding 
 
A social ecological model has been used as a means to conceptualising off-road riding 
and injuries. In particular, the model used in the current study considers groups that 
individuals interact with as well as higher level influences such as media, enforcement, 
government decision making, remoteness and overarching culture. While these higher 
order influences are often difficult to measure except through the effect that they have 
on individuals, they are still important to consider in developing well-rounded 
intervention strategies that consider the contexts in which individuals act. 
 
The current research particularly considered risk taking and risk perception as 
potential influences on off-road riding safety. Sensation seeking was viewed as a 
decision making process that can vary depending on the domain of the risk. That is, 
one may be ‘risk averse’ in regards to one set of behaviours like financial risk, but a 
‘risk taker’ when considering sporting or recreational risks like motorcycling. Previous 
research which noted that risk taking can be perceived as rewarding and engaged in 
deliberately was potentially relevant to off-road riding. It was acknowledged that 
participants may perceive the risks of off-road riding in a substantially different light 
to that of outside observers. Finally, the key role of family members, particularly male 
relations, in encouraging off-road riding was highlighted. 
 
10.1.3 Interviews and focus groups 
 
The interviews and focus groups were undertaken as a means to gain background 
information from a rider perspective that would be otherwise difficult to infer from 
injury data or surveys. In particular, they provided insight into the culture of off-road 
riding and the key issues for off-road riders. Riders put forward a number of 
motivations for riding, ranging from thrill seeking to social interaction with the family, 
and purely work related reasons. From their own perspective, off-road riders could not 
be considered as a homogenous group in regards to their personal or riding 
characteristics. One such key group difference was between riding for recreational and 
work purposes. The importance of using safety equipment was strongly endorsed for 
recreational or sporting riding, but downplayed when riding for work purposes. 
 
Respondents were able to identify a number of reasons as to why crashes and injuries 
occurred, such as ‘pushing the limits’, fatigue, alcohol, inexperience with the vehicle 
and a media-driven culture of risk-taking. Little insight was however provided by 
respondents as to effective strategies to reduce injuries, with injuries frequently 
perceived as an inevitable part of off-road riding. In fact, despite off-road riding being 
perceived as a social activity, there was a focus on the individual as carrying sole 
responsibility for their own safety. The few suggestions for intervention centred on 
promoting involvement in riding groups or encouraging rider training. These findings 
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highlighted the importance of individual responsibility as a defining element of safety. 
Expanding this perception to the broader culture for a positive safety benefit was 
acknowledged as an issue to be addressed. 
 
Difficulties accessing appropriate and affordable riding locations was an issue raised 
by nearly all respondents and was the key issue most off-road riders wanted addressed. 
Participants suggested that this could be a task for community groups and 
governments at multiple levels. How addressing these concerns might impact on the 
safety of off-road riders was noted as  a question to be addressed. 
 
10.1.4 Queensland-wide hospital admissions data 
 
The analysis of administratively collected hospital admissions data identified a number  
of general patterns among injured off-road riders, with a particular comparison to their 
on-road counterparts. In addition an increasing off-road rider population, it was 
identified that the resulting number of injuries had also increased proportionally to the 
increased vehicle use. In terms of the injured riding population, the predominance of 
males and young riders was a clear finding consistent with past research. Strong 
findings regarding crash circumstances were identified, with single vehicle, non-
collision incidents being the typical event that lead to off-road riding injuries as 
compared to on-road incidents which were more likely to have involved another 
vehicle. The severity of injuries experienced by off-road riders was significantly less 
than that of on-road riders. This was reflected in shorter lengths of stay in hospital, 
lower injury severity scores and a lower fatality rate for off-road compared to on-road 
riding casualties. This lower injury severity may be partially attributable to the higher 
representation of extremity injuries among off-road rider casualties. In particular, 
lower limb injuries were noted as a common injury type for off-road riders, which was 
in line with prior research. These findings indicate that considering off-road and on-
road rider injuries together as a single group is not useful. 
 
Past research had also identified rural and remote off-road riders as being a high-risk 
group. This was supported by the present hospital admissions analysis, with a greater 
representation of off-road riding injury admissions to remote facilities than on-road 
riding injuries. Although this highlighted the need to give attention to off-road riding 
injury prevention efforts in rural areas, this should not be exclusive because there was 
a substantial representation of injured off-road riders in all remoteness classifications. 
 
As noted in the focus groups, a distinction could again be drawn between recreational 
and occupational off-road riding. The hospitalisation analyses identified a high 
proportion of all injured off-road riders as riding for recreational purposes. Taken 
together with the finding that 'sporting areas' and 'farms' were both substantially 
represented among the recorded 'place of activity' at the time of the injury, this 
indicated that there is not always a direct alignment between the purpose of riding and 
the expected physical context in which it occurs. 
 
10.1.5 Injury and interview data from the Rural and Remote Road 
Safety Study 
 
The analysis of the Rural and Remote Road Safety Study data enabled an analysis at a 
greater level of detail than that presented in the previous study’s hospitalisation data 
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analyses. These cases were essentially a subset of cases from the large administrative 
dataset and substantial value was added through the inclusion of data collected by 
interviews and from medical charts. The interviews particularly provided more details 
regarding the psychological and demographic characteristics of the injured riders.  
 
These analyses also provided an opportunity to compare the results from the overall 
Queensland hospitalisations data to that of this rural subset. The results found from 
these specific analyses were generally similar. The demographics of the injured riders 
showed a predominance of males and younger riders, while the crash types again 
showed a high representation of single vehicle, non-collision incidents. Also in line 
with the findings of the state-wide hospitalisation analyses was the high proportion of 
casualties sustaining injuries during recreational riding. The severity of off-road 
injuries was again shown to be less than that of on-road riding injuries using several 
different measures such as ICU admission and fatality rates. These results supported 
the generalisability of the findings from this rural-focused study to all off-road 
injuries. 
 
In these Queensland samples, there were no marked seasonal peaks in off-road riding 
crashes that could be useful in directing intervention targeting to certain periods of the 
year. There was however a distinct relationship between the day of week and time of 
day and off-road injuries. It was suggested that this may however be a reflection of the 
purposes of riding undertaken at the time of injury. That is, those injured while riding 
for work purposes may have a greater level of exposure between Monday and Friday 
while recreational riders would have a peak exposure outside the work week on 
Saturday and Sunday. These findings highlighted the need to consider how temporal 
patterns of injury occurrence may be directly related to the contextual factor of 
purpose of riding. 
 
Consistent with reports by participants in the focus groups, helmet use clearly 
associated with the purpose of riding. ATV riders, and those riding for work purposes 
(two groups which corresponded highly), were highlighted as the group most likely 
not to report wearing a helmet at the time of the off-road injury. Similarly, the large 
proportion of injured off-road riders who reported not being licensed to ride a 
motorcycle on-road further highlighted the distinct characteristics of the on-road and 
off-road riding population which were identified in the previous analyses of the 
Queensland hospital admissions data. 
 
While those with a labouring or trade background were more represented among the 
injured riders compared than in the general population, a broad range of educational 
and employment characteristics were noted among injured off-road riders. As noted in 
the focus groups and in past literature, it is difficult to easily categorise off-road riders 
as a whole by any particular sociodemographic factors.  
  
While there is established evidence regarding the increased injury risks of combining 
alcohol or drug use and off-road riding, the current program of research did not find 
strong evidence that this is a large or specific contributing factor to crashes and 
injuries. The proportion of injured off-road riders detected as alcohol-affected was 
similar to that of on-road riders. These results suggest that alcohol affected off-road 
riding is an important injury factor that should be targeted just as it is for on-road 
riding. While the analyses of other risk factors such as previous reported bookings for 
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drink driving, speeding and other traffic infringements did not show a pattern 
suggesting that off-road riders were any different to on-road riders, a significantly 
higher proportion of off-road riders self-reported experience of a road crash in the 
prior 5 years. This was an indication that off-road riders are a subset of all motorcycle 
riders at a particularly high injury risk.  
 
The high injury risk of rural off-road riders has been suggested by previous literature 
with corresponding results identified in the Queensland hospitalisation analyses. One 
unique post-crash risk factor which was able to be identified through these analyses 
was the longer retrieval times to reach medical assistance after a crash off-road 
compared to on-road. This does signal an issue for consideration given the known 
greater representation of injured off-road riders being treated in rural medical 
facilities. 
 
10.1.6 Population level data from a state-wide survey panel 
 
This study provided two additional sources of data. These were demographic data on 
the off-road riding community as a whole (with no selection by history of injury) as 
well as comparison data to those in the general population that do not take part in off-
road riding. Crude estimates based on the survey data indicated that there is a 
significant population of at least casually-involved off-road riders. Detailed data on 
riding exposure and patterns was not available. The findings from the panel survey 
analyses generally reflected the patterns present in the injury analyses. There was a 
strong overrepresentation of males involved in off-road riding compared to the 
population and a higher representation of the age groups under 30 years. There was a 
high representation of residents from rural locations and rural and remote residents 
were also found to be more likely to be off-road riders. The following study builds on 
the findings of this chapter to provide a more detailed level of analysis of the 
population of off-road riders. 
 
10.1.7 Surveys completed by off-road riders 
 
As mentioned above, the rider survey study provided data to undertake more detailed 
analyses of the characteristics and behaviours of off-road riders. Specifically, riders' 
psychological characteristics, risk taking profiles and social interactions could be 
examined. It also provided an opportunity to identify the relationships between these 
factors and whether or not a rider had reported an injury. 
 
In line with the high representation of recreational riders among injured riders, the 
majority of respondents reported riding for recreational purposes at least some of the 
time, even if it was not their usual reason for riding. In combination with previous 
findings this indicates that even if recreational off-road riding does not have a high 
rate of injury per participant, it is the riding context that contributes the majority of 
injuries. 
 
The risk taking profile of the survey respondents did not however identify 
‘recreational’ risk taking as their primary type of risk taking behaviour. Rather, the 
types of risk taking that were reported as being engaged in were ‘health’ and ‘safety’ 
risks. Known, common risk taking patterns among the general population aligned with 
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off-road riders’ self-reported risk taking indicating off-road riders as a whole do not 
have a unique risk-taking profile.  
 
Questions addressing higher level influences such as the media or experience of 
enforcement generally showed a lack of direct impact on riders. This is not to 
downplay the role of cultural or political influences which may ‘trickle down’ to 
individual riders, but highlights that there is little reported exposure of direct influence 
from these sources.  Some riders did report more frequent experience of enforcement, 
but they were a particular subset of riders that rode in locations such as government 
properties where there was a significantly increased likelihood that they would be 
exposed to enforcement. 
 
Riders’ families were reported as most concerned about rider safety, over and above 
that of other off-road riders, friends or work colleagues. This was a consistent finding, 
regardless of the contexts in which respondents ride. This only rarely translated to 
family members actually taking practical action to influence riders’ safety and it could 
be argued that family members are a potentially untapped resource for the promotion 
of riding safety. 
 
The results of rider attachment analyses highlighted the complexity of the off-road 
riding community. Riding had been previously acknowledged as a social activity in 
the focus groups, and the current survey analyses found that riding with others was 
common. On the other hand, the off-road riding community is typified as a diverse 
group with a generally low level of attachment to other off-road riders. This indicates 
that it may be difficult to target a dominant image of off-road riders with an 
intervention. 
 
Self-reported injured riders were again typified as being younger and more likely to be 
male compared to those riders who did not report a recent injury. The finding that 
injured riders were more likely to ride for recreational and competitive purposes was 
consistent with past research linking younger persons with more risk taking. The 
higher representation of younger riders in the injury group should not however be 
interpreted as implying all injured riders were young adults. 
 
The risk taking profiles of injured and non-injured riders were distinct but complex. 
Injured riders reported a significantly higher propensity to take risks, but did not report 
that they had actually taken more risks in the previous 12 months. Across the entire 
group of respondents, there was however a low level of self-reported risk taking. In 
fact, there were also no significant differences between different riding purpose 
group’s self-reported risk taking. 
 
The self-reported purposes of riding were a key difference between the injured and 
non-injured riders, though injuries were reported by all riding purpose groups. The 
highest rates of self-reported injury were among those who reported riding for both 
recreational and competitive purposes. Further detailed analyses were undertaken to 
determine the differences between these groups. Each riding purpose group was 
associated with a number of individual characteristics and contexts of off-road riding. 
Key differences included a higher proportion of young males among 
recreational/competitive riders and a concentration of female respondents among those 
reporting exclusively riding for work purposes. Recreational and competitive riders 
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were also a distinct group in terms of their risk profile and interactions with significant 
others. These riders reported a significantly higher overall risk propensity and 
likelihood of crashing and a significantly lower ability to prevent crashing. With this 
increased perceived risk came higher levels of reported worry and encouragement to 
ride safely from key influential persons like family and friends. 
 
The findings regarding the use of safety equipment were consistent with the previous 
studies. Those riding exclusively for work purposes reported the lowest rates of helmet 
and other safety equipment usage. This was contrasted by those riding for recreational 
and competitive purposes, who reported frequent usage of helmets as well as 
additional protective equipment. That is, those with the highest levels of reported 
injury and a higher perceived crash risk also reported the most frequent use of safety 
equipment. 
 
10.2 Strengths and limitations of the program of research 
 
A number of strengths and limitations of the current program of research can be 
identified. A primary strength is the different data sources used to build layers of 
integrated evidence regarding off-road riding. Each data source has contributed unique 
evidence to the understanding of off-road riding and associated injuries. The use of 
multiple data sources may also be a limitation due to differing inclusion criteria. 
Despite this limitation, a number of consistent findings have been identified in the 
analyses. 
 
The rider interviews and the survey studies both encountered difficulty in identifying 
and recruiting a broad cross-section of the off-road riding community. The lack of 
formal licensing or regulation for many off-road riders means that it was not possible 
to target a known, pre-defined population. The samples for both of these studies were 
biased towards an older age group, which limits the generalisability of the findings. A 
larger, more varied sample would have allowed more detailed and definite conclusions 
to be drawn from these analyses. It lay outside the scope of the current study, but 
future research should consider devoting significantly more time to engaging with off-
road riders to encourage participation. 
 
The administrative hospitalisation data was only able to provide general information 
on the circumstances of injury events and the characteristics of casualties. A particular 
limitation of this data was the high proportion of cases with missing data regarding the 
activity at the time of the injury (e.g.: work or recreation) or the location of the 
incident. This data did however cover all hospitalisations across the entire state of 
Queensland; a scope substantially larger than that possible with targeted research. 
While trends in the numbers of injuries were compared with sales and registration 
figures, these are only proxy measures. The current findings could thus only be 
considered indicative, with specialised, larger scale studies required to confidently 
determine whether the number of off-road riding injuries or the injury rate adjusted for 
participation level is increasing.  
 
The Rural and Remote Road Safety Study (RRRSS) added in-depth detail regarding 
off-road rider injuries to supplement the hospitalisation data. The analyses of this data 
collection were limited by the fact that the RRRSS collected data on a variety of land-
transport crashes and injuries and was not conducted specifically to profile off-road 
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riders. As such, the scope of the data collection largely dictated the possible analyses. 
The relatively small sample of off-road riding injuries available for these analyses also 
reduced the possibility for sophisticated statistical modelling. Each of these data 
sources relied on the accuracy of hospitals’ injury coding and/or participant responses. 
In the absence of significant project funding to collect injury data with a wide scope, 
relying on these sources of secondary data is likely to continue to be the best available 
option. 
 
One of the limitations of the current program of research is that the available injury 
data has been interpreted largely in isolation, without specific, corresponding measures 
of riding exposure. Chapter 8 presented an overview of the characteristics of off-road 
riders in Queensland, but no indication of the frequency and duration of riding off-
road for those that self-identified as taking part in the activity. The estimates of the 
off-road riding population had a substantial margin of error and were not able to 
consider remoteness in addition to age and gender as stratification variables. As for the 
other studies, an increase in the total number of persons sampled would improve the 
accuracy of these estimates and would allow for consideration of further factors in the 
prediction calculations. 
 
In addition to the common issue that survey findings are limited by the inability to 
externally validate the self-report information provided by respondents, the survey of 
off-road riders had a number of limitations related to the number and type of 
respondents. Respondents as a whole were older than the previously identified injured 
population though they were consistent with the age-distribution of riders in the 
overall state-wide panel population. It is known that riding is more common among 
younger age groups and the age bias may have affected, as a whole, the survey 
respondents’ answers to items which are known to be related to age, such as the risk 
taking measures.  
 
Related to this, the risk taking behaviour scale used in the survey directly asked 
respondents to report their level of risk taking in certain contexts. In the case of 
applying such measures to off-road riders, it may have been more appropriate to use 
latent measures of risk taking to infer these overall values. The low level of self-
reported risk taking may have been attributable to off-road riders being wary of 
presenting themselves in a negative light. 
 
Finally, the relatively small sample size of all the survey respondents is a potential 
threat to the generalisability of the current findings. This is particularly the case for the 
analyses comparing the characteristics of riders by riding purpose and the 
classification tree analysis. With a larger total number of respondents, analyses could 
have been conducted at multiple nested levels of rider characteristics. These analyses 
would have allowed both a more detailed examination of sub-groups within the riding 
population and confidence in a greater degree of accuracy in factors related to self-
report injury. 
 
10.3 Relationship of findings to research questions 
 
The above summary provided an overview of the key findings from each of the 
studies. The following section provides a summary of how these findings relate to 
each of the Research Questions outlined in Chapter 4. 
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10.3.1 RQ1.  Are off-road riders a significant sub-group of the 
general population? 
 
While there is a significant margin of error around the estimates, the population survey 
conducted as part of this program of research does indicate that there is a substantial 
15% of the total population who engage in any form of off-road riding in Queensland. 
While the reliability of these estimates could be questioned, these results are in line 
with estimates from previous research in small study areas. Rural regions should be 
particularly noted as having a higher representation of off-road riders compared to 
their urban-dwelling counterparts, with the proportion of persons taking part in off-
road riding approaching 50% in the most remote regions. The evidence thus points to 
this research question being supported and providing a rationale for the benefits of 
further study of off-road riders. 
 
10.3.2 RQ2. Is there a significant injury burden attributable to off-
road riding? 
 
It was noted by the focus group participants that injury was considered a largely 
unavoidable side-effect of taking part in off-road riding. A significant number of 
hospitalisations attributed to non-traffic (off-road) motorcycle use was noted in the 
admitted patient data analyses (Chapter 6), with this increasing in line with a greater 
number of vehicle sales. The results from the Rural and Remote Road Safety Study  
(Chapter 7) additionally noted that the number of recorded serious injury casualties 
attributable to off-road riding was comparable to that resulting from on-road 
motorcycle crashes. Given that reducing the number of serious on-road motorcycling 
casualties is noted as a ‘key challenge’ by Australia’s current National Road Safety 
Strategy (Natalier, 2001), it stands to reason that the injury burden attributable to off-
road riding should be considered ‘significant.’ Additionally, it should be kept in mind 
that the current analyses have focused on the immediate, acute injury impact without 
taking into account long-term disability or any social or financial impact arising from 
injury. Having established that the off-road riding population is both a significant sub-
group and contributes significantly to the total injury burden, the following research 
questions begin exploring the characteristics of riders, their behaviours and their 
injuries. 
 
10.3.3 RQ3a. What are the common individual characteristics and 
behaviours of off-road riders? 
 
In addressing this research question, the common individual characteristics and 
behaviours of off-road riders identified from across the five studies were collated.  
 
The panel analyses (Chapter 8) and the rider survey (Chapter 9) both indicated that 
males constitute a majority of those involved in off-road riding. This finding is in line 
with a number of previous studies which have found similar gender ratios among 
segments of the off-road riding population.  
 
While the injury statistics have consistently shown a peak representation of injured 
riders among young males aged 15-19 years, the current results suggest off-road riding 
is also regularly engaged in by riders of older age groups, with a serious decline only 
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occurring after 50 years of age. Having said this, the population survey results 
(Chapter 8) were known to have been biased towards an older age group and may have 
underrepresented the proportion of off-road riders in the youngest age groups. These 
figures also did not provide a relative indication of the frequency of riding among each 
age group which might affect the interpretation of these results if younger riders were 
to ride much more frequently. 
 
The survey of riders (Chapter 9) and the focus groups (Chapter 2) provided more 
detailed information on the behaviours of off-road riders. Across the surveyed riders, 
off-road riding was not engaged in frequently, with only around 10% reporting riding 
on a daily basis and approximately a third reporting riding less often than once a 
month. This suggests that while there may be a sizeable population of persons who 
may engage in off-road riding, this does not necessarily imply a regularity or high 
frequency of the behaviour. 
 
The survey also provided an opportunity to profile some psychological characteristics 
of riders in regards to risk taking. In terms of the self-reported risk taking profile of 
off-road riders, the group was not typified by recreational or sporting risk taking. 
Rather, riders most commonly reported having engaged in ‘health’ and ‘safety’ risk 
taking, which are likely to be frequently reported by the general population.  
In terms of the overall crash perception, there was a trend towards a low perceived 
likelihood of crashing and a high ability to prevent crashing. This was however in 
contrast to the results of the rider interviews, where crashing and subsequent injuries 
were frequently put forward as an inevitable part of participating in the activity. The 
high perceived ability to prevent crashing did however fit with the statements made in 
the rider interviews which outlined that individual responsibility for injury is 
paramount. 
 
While the level of formal education and field of employment varied substantially 
within the riding population, there were indications that those riders working in trade 
employment or as a labourer were over-represented among the population of off-road 
riders. This result was also reflected by the results of the Rural and Remote Road 
Safety Study’s injury analyses, where this group was over-represented among off-road 
riders compared to the general population. This is a relatively weak finding, relying 
largely on circumstantial evidence regarding educational qualifications, and should be 
verified by more detailed surveying of the riding population. 
 
10.3.1 RQ3b. What are the common ecological, contextual 
influences on off-road riders? 
 
In addition to the common characteristics and behaviours identified in RQ3a above, a 
number of common contextual influences were also identified. Farm based riding was 
the most common physical context in which riding occurred, with approximately 90% 
of all respondents in the rider survey reporting they rode there. Having said this, riding 
for recreation was the most commonly reported purpose of riding, with many of those 
reporting riding for work also reporting riding for recreational purposes.  
 
The role of models and significant others in influencing behaviours has been 
particularly noted in the social psychological literature, with the social nature of off-
road riding being highlighted by the few previous studies that have profiled the 
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characteristics of off-road riders. Despite this, there was a generally low level of 
attachment to other off-road riders reported by the survey respondents and only a 
small minority of the survey respondents indicated that they took part in organised off-
road riding. 
 
It was identified in both previous research and the current program’s survey that 
family members are the social group with the most social influence on rider safety. 
Family members were noted as being most likely to worry about a rider’s safety and to 
encourage them to ride safely. They were also reported as being more likely to 
actually influence the safety of riding compared to other groups like fellow riders, 
friends or work colleagues. At the same time, there was a generally low level of 
reported practical actions taken to improve safety across all of the nominated key 
influential groups, suggesting that a concern for safety does not generally manifest as 
actual intervention. Immediate and extended family members were noted in the survey 
of riders as universally being the primary providers of initial rider instruction. This fits 
with the results of the focus groups, where rider training was the main potential 
intervention suggested. 
 
There was low reported direct impact of higher order contextual influences such as 
mass media or police or other authorities. The recall of safety related media messages 
regarding off-road riding was uncommon. When participants responded that messages 
were recalled there were indications these were not specific to off-road riding. 
Similarly, in terms of interactions with formal enforcement, only a small proportion of 
riders reported having any contact with police or other authorities either recently or at 
any time. These findings generally present off-road riding as being a behaviour which 
is largely determined by the individual rider with relatively little outside influence or 
control. Having said this, the results of the rider interviews in Chapter 5 did suggest 
that government and landowner regulations of riding locations and illegal riding did 
affect where and when recreational riding could occur. 
 
While hypotheses 3a and 3b identified a number of common characteristics or 
influences that typify the off-road riding community, the following research questions 
aim to identify differences within the riding population on the basis of self-reported 
injury and other contexts. 
 
10.3.2 RQ4. Can individual characteristics and behaviours of off-
road riders be identified that are associated with a higher 
injury risk or high number of injuries? 
 
A number of individual characteristics and behaviours were identified across this 
program of research that were related to a higher injury risk or represented highly 
among injured off-road riders. Across each study of this program of research, a high 
representation of males participating in off-road riding was found, with a 
correspondingly high representation among recorded injuries. The current research has 
thus found strong evidence, in line with previous injury studies, that males constitute 
the overwhelming majority of the injury burden relating to off-road riding. A question 
which remains in contention is whether this high representation of males is 
proportional to their also high level of involvement. The comparison of the gender 
distribution of off-road riders in the state-wide survey panel and the Queensland 
hospitalisation data highlighted a potential slight over-representation of males among 
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injured riders. Similarly, the rider survey analyses found an overrepresentation of male 
riders among those reporting injuries compared to those not reporting injuries. The 
survey analyses data did however find no significant differences between males and 
females when comparing a broad categorisation of their riding frequency. Larger scale 
and more detailed analyses in the future may be able to answer this question more 
definitively. Nevertheless, these findings present a consistent picture of males as the 
primary injured group among off-road riders regardless of whether they are 
proportionally represented. Although the survey and focus group studies under-
sampled young riders, both the injury analysis chapters and the survey of riders 
identified an increasing number of injuries with decreasing age. Thus, it is appropriate 
to highlight young males as typifying the population of injured off-road riders. 
 
It was evident from the initial literature review that self-reported risk taking and a 
propensity to taking risks are known correlates of adverse safety and injury outcomes. 
The current studies found mixed evidence regarding the relationship of these 
predictors with off-road riding injury. While the survey identified injured riders as 
having a higher self-reported risk propensity, this was not also reflected in higher 
levels of self-reported risk taking behaviours. While the preceding discussion noted 
the limitations of the survey’s risk instruments, it can not be said from the current 
evidence that off-road riders are typified by a high level of self-reported risk taking or 
that there is a relationship between self-reported risk taking and self-reported off-road 
riding injury. 
 
Those surveyed riders who reported being injured also reported a greater perceived 
risk of off-road riding and an accurate assessment that they were at a greater risk of 
injury. Conversely, they also reported that they were less likely to be able to prevent 
injury. These findings highlighted the relationship between respondents’ lack of 
perceived control over injury prevention and actual reported injury outcomes. A 
possible related finding from the Rural and Remote Road Safety Study analyses was 
that injured off-road riders had a significantly higher self-reported rate of road crashes 
in the previous 5 years than even injured on-road motorcyclists. 
 
A number of the individual behaviours mentioned in addressing this research question 
were also correlated with taking part in riding in certain contexts. Thus, while it is 
important to note specific individual behaviours as being related to an increased risk of 
injury, it is also important to note that these behaviours are affected by the contexts in 
which riders are involved. This is discussed in further detail in the following section 
summarising Research Question 5. 
 
10.3.3 RQ5. Can ecological contexts in which off-road riding 
occurs be identified as having a higher injury risk or high 
number of injuries? 
 
A number of contextual factors were noted as being related to a higher level of injury. 
Of particular note was the relationship between different purposes of riding, each with 
their own contextual influences, and self-reported injury. The proportion of injured 
riders dropped as the level of recreational riding decreased, moving from those riding 
for recreational and competitive purposes, to those riding solely for recreation, to those 
riding for a mix of recreational purposes, to those riding solely for work purposes. The 
‘competition/recreation’ riders had a number of social and contextual influences that 
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separated their riding context from other riders. There was an indication that this group 
considered off-road riding a more central component of their life. These riders were 
more likely to take part in organised rides, to have received formal rider training, and 
to have a higher level of attachment to other off-road riders. They were similarly more 
likely to report riding in multiple locations, with a higher representation of riding on 
motocross tracks and in riding parks than other types of riders. The ‘work only’ riders 
were a particular contrast to those riding for recreational purposes, with the lowest 
level of self-reported injury. They reported a low level of engagement with other off-
road riders and generally only rode within farm locations. They typically had not been 
involved in either on- or off-road rider training in regards to motorcycles or ATVs and 
were more likely to have only started riding as an adult. 
 
It had been noted in previous literature in regards to off-road riding, as well in 
literature generally regarding recreational behaviour, that risk of recreational injury 
increases with a corresponding increase in remoteness. This overrepresentation was 
one of the reasons for undertaking the larger Rural and Remote Road Safety Study. 
The state-wide hospitalisation data indicated that admissions to rural hospitals are 
more highly represented for off-road compared to on-road riding casualties. Given the 
much higher rates of participation in off-road riding in rural locations, a higher 
representation among the injured population would be expected and does not directly 
indicate a higher level of injury risk for rural off-road riders. 
 
10.3.4 RQ5a. Does the influence of certain key persons vary in 
relation to these identified contexts? 
 
The current study found a generally high level of family involvement for all riders. 
The rates of other family members also being riders was however highest among those 
riding only for work purposes. This may indicate the high proportion of family-run 
farms and businesses that require off-road riding as part of work tasks and highlights 
family interactions as a means to influencing work-related riders. Comparatively, there 
was a reported increased level of attachment to other riders among those riding for 
recreational or competitive purposes. These riders were also more likely to report 
riding as part of an organised riding group compared to the remainder of respondents. 
While family members had the greatest social influence and concern for safety 
regardless of purpose of riding, this does highlight that the most serious recreational 
and competitive riders may also be influenced to a greater degree by fellow riders or 
formal riding club influences.  
 
In terms of the reported influence of significant others such as family, friends, those 
ridden with and work colleagues on safety, there was generally a low level of reported 
practical action taken to improve safety. This was universal regardless of the contexts 
and characteristics of the respondent. There was however a significantly higher level 
of reported worry and encouragement of safety among those riders riding for 
recreational only or recreational and competitive purposes. This may represent an 
acknowledgement from significant others of the greater risk in these types of riding, 
but as before, this was not translated to any increased safety-related behaviour.  
 
Those riding in ‘riding park’ locations reported that they were more likely to have 
interacted with authorities including police or other potential monitors of behaviour. 
Research Question 5 above noted that the high-risk ‘competition/recreation’ riders 
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were more likely to ride in these locations. Conversely, those primarily riding for work 
purposes or on privately controlled properties reported very little interaction with 
external authorities. The reach of authorities may thus differ substantially dependent 
on both the physical context and the purposes for riding. 
 
10.3.5 RQ5b. Are there common individual characteristics and 
behaviours of off-road riders associated with these 
identified contexts? 
 
Research Question 5 identified that those riding for recreational and/or competitive 
purposes were more likely to report an injury due to off-road riding. Analyses 
identified that this group was distinct and overall represented a person more engaged 
with off-road riding as a lifestyle. While young, male riders have been noted multiple 
times in this program of research as being the dominant group among off-road riders, 
they particularly defined the ‘competition/recreation’ riders. 
 
In addressing Research Question 3A, it was found that there was a positive correlation 
between the use of safety equipment and the experience of injury. The survey results 
presented the contradictory finding that self-reported use of safety equipment was 
prominent among those riders that also reported taking part in the riskiest recreational 
and competitive types of riding. A number of the risk taking measures similarly 
showed large differences when comparing the ‘competition/recreation’ groups to the 
other three riding purpose groups. They reported an overall higher risk propensity, as 
well as a distinct profile of risk taking which included a higher level of risk taking in 
the recreational and social risk domains. 
Competition/recreation riders were also uniquely defined by their high perceived 
likelihood of crashing and lower perceived likelihood of being able to prevent 
crashing. This was in line with some of the statements in the focus groups that injury 
was an unavoidable by-product of taking part in off-road riding.  
 
Those riding only for work purposes were likewise noted as being a distinct, 
contrasting group to the ‘competition/recreation’ riders. Female riders were far more 
common among this group, constituting 40% of all respondents. In terms of vehicle 
use, those riding for work purposes were also far more likely to use four-wheel ATVs 
as opposed to two-wheel motorcycles. Both of these factors may be related to the 
practical motivations of this work-focused, farm based riding group. 
 
In comparison to the frequent use of safety equipment among the 
competitive/recreational riders, only 9% of ‘work only’ riders responding to the survey 
reported ‘frequently’ using helmets. This was consistent with the lower priority given 
to safety equipment use by agricultural riders in the focus groups and the higher 
representation of unhelmeted riders in the largely work-based ATV rider injuries 
presented in the Rural and Remote Road Safety Study data analyses. Taken together 
with the earlier findings regarding the recreational/competitive riders, these findings 
suggest that the use of safety equipment is strongly influenced by the purpose of riding 
undertaken, and the perceived possibility of injury. 
 
It is also important to acknowledge the characteristics that were common across all the 
respondents. It may be appropriate to consider off-road riding as a continuum between 
serious recreation and competition at one end and strictly work-based riding at the 
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other. An example of this is that riding in farm settings was consistently reported by a 
large proportion of all respondents, as was recreational riding. Recreational riding was 
common, and it may well be the case that a large proportion of riders may occasionally 
ride for recreational purposes without necessarily considering themselves as devoted 
recreational riders. This would fit with the predominance of recreational activity at the 
time of injury reported in the Queensland hospitalisation analyses. 
 
10.4 Chapter Summary 
 
This chapter presented an overall summary of the findings of this program of research. 
A summary was provided of the key topics identified in the background literature 
review and the research findings of the five studies. Following this, the strengths and 
limitations of the program of research were discussed. The use of several varying 
sources of data across the multiple studies was noted as a strength of the research. 
Limitations relating to the size and representativeness of the survey and interview 
samples were noted, as was the lack of targeted information on off-road riders 
provided in the  retrospective analysis of injury data. The findings of each of the 
studies were then discussed in the context of how they addressed the thesis’ research 
questions. The following and final chapter draws upon the findings presented within 
this summary of research to address Research Question 6 and make recommendations 
regarding appropriate, evidence-based interventions for off-road rider injury 
prevention. 
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11 Intervention framework 
 
This thesis has been concerned with understanding the off-road riding population, their 
experience of riding, and their associated injuries. In this final chapter, 
recommendations as to the most appropriate intervention strategies for injury 
prevention among off-road riders are examined. This chapter is organised to reflect the 
ecological model of behaviour that has informed the approach taken in the thesis. That 
is, it includes individual characteristics, small groups in which individuals interact, 
legislation governing the target behaviour, media exposure, and higher level cultural 
factors. Each of these levels has interactive effects with one another, which are also 
considered. Consequently, the nested ecological model is used both as a basis for 
suggesting intervention strategies and for providing a critique of their potential 
effectiveness.  
 
11.1 Individual level factors 
 
At an individual level, there are a number of key psychological characteristics and 
behaviours that could be targeted to improve the safety of off-road riding. The use of 
alcohol and other drugs while riding has shown a consistent relationship with injury. 
While the current study did not collect direct evidence regarding drink riding and its 
relationship to injury, there is strong evidence from international studies that alcohol-
affected riders are highly represented among fatally injured riders. The scope for 
intervention among those in the population that are alcohol dependent is relatively 
limited. Interventions have commonly focused on the separation of drinking and the 
riding task in the on-road context. While the restriction of alcohol use while riding 
could be encouraged in already controlled circumstances such as work-based riding or 
planned recreational rides, there is essentially very little scope for influence if the 
riding occurs on a private property in an unstructured manner. The promotion of 
community level interventions to reduce alcohol use which should have trickle-down 
effects to individual riders may however warrant further consideration (Sheehan et al., 
2008). 
 
The use of safety equipment among off-road riders was highest for those undertaking 
riding that poses the greatest risk of injury. Thus the current findings have not 
indicated that there is a universal need to promote the usage of safety equipment 
among off-road riders. The important exception to this is those riders who ride 
exclusively for work purposes. This group reported relatively infrequent use of 
helmets and very little use of other extended protective equipment such as goggles or 
gloves. This is despite the well-established relationship between head injuries and fatal 
outcomes (Gennarelli et al., 1989; Lin & Kraus, 2009). The positive effects of helmet 
wearing were recognised by riders in the focus group discussions, yet there remains a 
need to address the issues regarding the practicality and comfort of helmets for those 
riders in work situations. For example, poor ventilation in hot environments has been 
reported as a negative of helmet use (Reed, Novak, & Heath, 1998) and probably 
influenced the data reported in this Queensland-based study. While riders have 
recognised the inherent compromise between safety and comfort as a ‘lame excuse’,  
there is a strong motivation for riders wishing to avoid other health factors such as 
sunburn or heat stroke to not use a helmet. This has particular implications for riders 
on farms in rural and remote areas of Australia, where extreme temperatures are 
regularly experienced in the summer months. Efforts to promote the use of helmets 
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and other safety equipment for farm riders should be continued because the value of 
safety equipment lies in the prevention of the most serious outcomes in the rare event 
of a crash. The development of light-weight, comfortable and easy to use equipment 
that is likely to be worn frequently needs to be strongly supported. The increased 
credibility of safety equipment that is also comfortable and practical has been 
acknowledged in regards to on-road motorcycle rider safety (N. L. Haworth, De 
Rome, Varnsverry, & Rowden, 2007).  
 
The injury analyses from this program of research have highlighted the need for 
further interventions to reduce lower limb injuries incurred by off-road riders. 
Australian (de Rome & Stanford, 2003) and international research (EEVC, 1993) has 
noted the poor effectiveness of existing lower limb protection to prevent injuries due 
to crushing, bending or twisting forces. There is clearly a need for renewed efforts to 
be given to the development of innovative and effective protective measures for lower 
leg injury.  
 
The lack of stability of ATVs and rollover as a frequent crash mechanism also 
highlight the potential benefits of encouraging the use of other types of protective 
equipment among farm riders. Protection of the chest and critical organs would be 
beneficial for all ATV riders and particularly for those riding for work purposes. 
Adoption of this extended equipment may however be unlikely and efforts may be 
more efficiently directed towards the direct prevention of rollover, crushing injuries. 
Rigorous decision making regarding the most appropriate vehicle type to be used 
should ideally be carried out, so that ATVs are not used in circumstances when 
potentially a utility (‘ute’) or other larger vehicle may be more appropriate 
(MacKenzie et al., 2006). This again requires targeted education on injury risk to 
inform individual decision making. 
 
11.1.1 Injury and risk perceptions 
 
The injury risk perception of riders is largely accurate, in that those riding in riskier 
circumstances appraise themselves as being at a greater risk of crashing and injury. A 
more important issue is the perception that injury is an inevitable part of off-road 
riding and the acceptance of the status quo that this entails. Parker et al (2001) 
classified the risks present in sports as either intrinsic or extrinsic. Intrinsic factors are 
individual level attributes like age, gender and motor skills, and extrinsic factors as 
external factors such as the length of time, physical playing environment and type of 
sport. It could be argued that it would be more appropriate to consider risks as either 
‘inherent’ or ‘additional’ when applied to off-road riding. An ‘inherent risk’ would be 
those that are characteristic of off-road riding and cannot be removed without 
fundamentally altering the activity. An ‘additional risk’ would then be a risk over and 
above that which would be considered a required part of off-road riding. This was 
reflected in the focus group respondents' claims that the behaviour ‘still needs to be 
fun’ regardless of what injury prevention intervention may be applied. Parker likewise 
notes that it is difficult to formulate an intervention strategy when the “desired 
preventive behaviour conflicts with the actual sport behaviour” (p992). This is 
relevant to those competitive or recreational riding contexts where there is less 
perceived need to manage risk levels.  
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Any intervention plan which does not take into account the ‘inherent risks’ from a 
participant perspective will likely face resistance. Traditional behaviour change 
paradigms, where risk is given a negative connotation so that participants wish to 
avoid such circumstances may not be an appropriate fit. Additionally, attempts to 
increase riders’ confidence in being able to prevent crashing could potentially instil a 
false confidence that may actually encourage even higher levels of risk taking (DeJoy, 
1989).  
 
There is a need to challenge the culture that regulation or intervention is akin to the 
‘fun police’ that wish to ban the activity. Media messages countering this view are 
likely to be received very poorly in the short term given the prevalent view. Part of the 
attraction of the behaviour is not being regulated or controlled. There may be value in 
family and friends challenging some of these beliefs. It would be difficult to argue 
against minimal, consistent and properly applied regulations to remove unacceptable 
risks. The primary issues would then be deciding which risk factors could be targeted 
and at what point a risk becomes unacceptable. 
 
11.2 Broad strategy 
 
The responsibility for off-road riding injuries has been shared across a number of 
governmental agencies with no single authority responsible or accountable (Sheehan et 
al., 2008). While the multi-faceted nature of the behaviour would require input from a 
number of distinct departments, there exists a need for a coordinated response 
managed by one authority. The establishment of a cross-agency group to monitor and 
respond to off-road injuries should be considered an initial priority. For example, a 
South East Queensland Trail Bike Taskforce has been established for the South-East 
Queensland corner, comprising mostly councillors from across the region. It is 
concerned with land-planning for off-road riding with the “primary aim of this group  
to identify, protect and develop sites that provide safe and legal options for trail bike 
riding” (South East Queensland Council of Mayors, 2011). While this group could be 
built upon there would be obvious limitations in attempting to direct their efforts to 
safety or injury concerns. 
 
There is a need for an overall strategy for injury prevention efforts among off-road 
riders. Three basic approaches to preventing road traffic crashes injuries have been put 
previously suggested: reduce exposure (reduce vehicle use), reduce the probability of a 
crash (reduce the risk of the exposure), or reduce the resulting severity of outcomes 
resulting from a crash (Rumar, 1999). Achieving a balance between reducing risk and 
reducing exposure would need to be carefully considered in regards to recreational off-
road riding. With the promotion of physical activity as a national priority in Australia 
in the last decade (Department of Health and Ageing, 2005), the costs and benefits of 
restricting the behaviour need to be compared. While removing the exposure of those 
with an extreme level of risk of injury would be justifiable (C. F. Finch & Owen, 
2001), the current evidence suggests this would largely be restricted to the prevention 
of injury to very young riders who have been noted as not having the physical and 
cognitive capacity to ride ATV’s or off-road motorcycles (Committee on Accident and 
Poison Prevention, 1987, 2000).  
 
Restrictive policies were not supported by riders, particularly those who ride as a 
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serious recreational activity, with injuries seen as the personal responsibility of the 
rider themselves. The costs of recreational injuries are however not only borne by the 
individual participant, with substantial costs and resource usage imposed on the health 
system which need to be considered. (C. F. Finch & Owen, 2001). Given that there is a 
conflict between riders who wish to take part in the activity irrespective of the risk of 
personal injury and an injury prevention plan that seeks to reduce system-wide costs, a 
harm minimisation approach may be more appropriate. A high level of tertiary 
protection is however already reported among competitive and primarily recreational 
riders. There may be benefits to be gained from encouraging the higher risk 
competitive or training riding to be undertaken in venues which provide a high level of 
support, monitoring and control over the activity.  
 
11.3 Basic targeting 
 
To maximise the effectiveness of an intervention, it should be targeted towards those 
in the population at most risk of injury, as well as those groups most highly 
represented among the injured population (Geller et al., 1990). The two key groups of 
males and young adults have been consistently identified among injured riders. The 
high proportion of male riders among those injured appears to be largely 
representative of their increased level of participation as well as their increased 
involvement in the most high risk types of riding (competitive / recreational riding as 
opposed to work-based riding). As this age group is the most at-risk for all 
unintentional injuries, it is thus likely that the current findings are a reflection of wider 
patterns of behaviour. Ongoing programs of intervention aimed to reduce youth risk 
taking should as such be given continued support as part of a larger system 
encouraging safer behaviours. Younger riders are more likely to take part in the higher 
risk competitive and recreational riding contexts and these contexts should thus be a 
focus in reducing young adult injury.  
 
11.4 Families and small groups 
 
Family members have been identified as playing a key role in encouraging safety in 
the off-road riding community. Previous surveys and the current program of research 
have identified the frequent participation of family units in key activities such as 
providing initial training and self-reported positive attitudes and influence towards the 
promotion of safe riding. There may also be potential benefits of riding in a club 
environment where norms can be established for acceptable, safe riding. This is 
particularly relevant given that the age groups most highly represented among injured 
riders are those aged between 15 and 24 years. The modelling role that parents and 
other adults provide in establishing safety and risk related behaviours has been 
frequently noted in the psychological literature. As Jessop et al (2003) note:  
 
“protective factors decrease the likelihood of engaging in problem 
behaviours by providing models for positive or pro-social behaviours, 
personal or social controls against problem behaviour, and an 
environment of support. Risk factors, in contrast, increase the 
likelihood of engaging in problem behaviour by providing models for 
problem behaviour, greater opportunity for engaging in problem 
behaviour and greater personal vulnerability to problem behaviour 
involvement” (p330). 
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While this particular conceptualisation of modelling was in relation to youth problem 
behaviour, the promotion and modelling of safe riding behaviours is largely 
analogous. A relevant example would be the modelling of the correct use of protective 
equipment for younger riders in a work or farm environment. Modelling of particular 
behaviours during training is known to impact on the future behaviours of the observer 
(Reeder et al., 1996). 
 
On the other hand, family members and club riders may also act as negative models to 
reinforce unsafe behaviours. While formal encouragement of safe behaviour within 
individual family units may be difficult, greater scope exists to engage with riding 
clubs. A method of club safety accreditation, promoted alongside tangible benefits 
such as the provision of club funding or greater access to riding locations, may serve 
as a positive scheme to encourage riding within groups that promote safety as a 
priority. Such a scheme would also have the benefit of returning responsibility for 
safety to riders themselves instead of through externally imposed regulations. 
 
11.5 Point of sale 
 
The point-of-sale for vehicles can serve as a common distribution point for 
information. A number of issues would however need to be considered so this could 
be an effective safety promotion source. Vehicle dealerships are businesses that may 
have little direct interest in the promotion of safety, and would already have a number 
of time pressures and expenses that would not include safety promotion. Any proposed 
involvement of a business would need to be at minimal to no cost or burden to the 
owner. The responsibility of safety promotion at the point-of-sale would thus likely 
fall to government or regulatory bodies to reduce the administrative burden to private 
businesses. The potential effectiveness of publicly provided information like brochures 
has however been questioned in the literature (Weiss & Tschirhart, 1994).  A further 
limitation would be the substantial second-hand market for off-road vehicles which 
would reduce the impact of information disseminated as part of new vehicle sales. 
 
11.6 Media 
 
The current study found a lack of targeted media messages regarding safety for off-
road riders. There may thus be potential benefits to be gained from investment in 
related public information campaigns. The potential effectiveness of safety messages 
should however be considered in the context in which the messages will be received 
by the target audience (Weiss & Tschirhart, 1994). An extreme example would be that 
the dissemination of advertisements in rider-focused publications may not have 
positive effects if they are presented alongside directly contradictory statements. 
Media campaigns would have more value if they were enacted as supporting material 
alongside higher-level changes such as provision of riding locations or regulations.  
 
Because there is a substantial influence by the family members of riders, this group 
should also be targeted along with directly targeting riders. In this sense, family 
members could act as intermediaries through which messages could be passed, with 
potentially greater receptiveness than directly targeting riders. Scoping of campaigns 
to precede peak annual off-road riding times and regional and remote locations where 
off-road riding is known to be high may also assist in maximising impact and reducing 
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expenditure. 
 
Research from the United States has pointed to the highlighting of predominantly 
positive behaviours within a population as a means to shift attitudes and break down 
barriers to behaviour change. Linkenbach and Perkins (2005) reported on the 
successful use of a widespread media campaign in the U.S. state of Montana that 
highlighted that the majority of the population held negative attitudes to drink driving 
and did not participate in the behaviour. The results identified that the intervention was 
effective in terms of changing respondents’ perceptions of the proportion of the public 
drink driving, decreasing self-reported drink driving, and increasing support for anti-
drink driving legislation. This research highlights the value in not only focusing on 
reducing negative or harmful behaviours, but also highlighting the positive behaviours 
which may be the unacknowledged norm within the target population. There are a 
number of positive safety-related behaviours already undertaken by off-road riders. 
Recreational and competitive riders already report frequently wearing helmets and 
other protective equipment. The majority of riders also report that their family 
members actively encourage them to ride safely. Consideration should be given to 
including these messages in public promotional material. 
 
 
11.7 Legislation 
 
Ideally, safety-oriented legislation will reduce the rate of injury among riders, while 
causing minimal disruption to the activity itself and retaining the support of a majority 
of the relevant population. Of course, support for legislation is not necessarily 
correlated with its level of injury prevention effectiveness. It should however be kept 
in mind that an intervention to reduce off-road riding injury is not aiming to reduce or 
remove a socially undesirable behaviour or one that has primarily negative impacts on 
those involved. Indeed, there is some evidence that long-term outcomes of policy can 
be affected by their perceived ‘legitimacy.’ Developing a mutual trust between policy 
makers and stakeholders and presenting legislation as in line with the ‘substantive 
objectives’ of stakeholders have been identified as important aspects in reinforcing 
legitimacy (Wallner, 2008). 
 
While high level injury prevention strategies like legislative changes have been shown 
to be effective in a number of contexts, there is always the possibility that an 
individual will reject the message and follow their own, potentially unsafe decision 
making (Haignere, 1999). This particularly becomes an issue in developing off-road 
rider interventions when the riding may occur on private property or outside of routine 
monitoring or enforcement. Crossing the line into perceived ‘meddling’ in private 
matters is an issue for consideration by policy developers. 
 
In much the same way as researchers and practitioners now recognise the value in 
developing culturally sensitive programs (Resnicow, Baranowski, Ahluwalia, & 
Braithwaite, 1999), there is likely to be a positive benefit gained from tailoring 
strategies to the intended audience. Acknowledging the potentially many years of 
riding experience, as evidenced by the substantial proportion of riders self-reporting 
beginning riding at a very young age, may assist in encouraging the involvement of 
riders who may otherwise not be receptive to intervention.  
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11.8 Recreational registration 
 
Recreational registration is a partial registration scheme for off-road vehicles which 
has been implemented in Australian states such as Victoria and in international 
jurisdictions. It does not generally provide riders with permission to use off-road 
vehicles on public roads, but does provide some basic insurance cover for personal 
injury and damages. In some jurisdictions, it has also been tied to allowing riders 
access to dedicated areas restricted to recreationally registered vehicles. Recreational 
registration may serve a purpose in providing a degree of monitoring of the numbers 
of the riding community, while at the same time providing a potential way to allow 
off-road riders an opportunity to ride in locations they may have previously been 
unable to access. This would go some way to addressing the concerns raised by riders 
that regulations and enforcement should provide encouragement for legitimate off-
road riding activities. There would however be a number of issues to resolve in 
developing a recreational registration scheme which are beyond the scope of the 
current investigation. These would include issues such as the administration of 
recreational registration within governments and the identification of riding locations 
under the introduction of such a scheme. 
 
11.9 Area specific targeting 
 
The greater injury risk of riders in rural areas has been noted in previous research, as 
has the overall lack of dedicated recreational riding facilities. The vast majority of off-
road injuries occur in a recreational context and that admissions to rural hospitals were 
highly represented compared to on-road motorcyclists. A particular focus should be 
given to those rural areas which have both a high representation of off-road injuries 
and a low availability of riding locations. While it may not be practical to provide 
adequate recreational opportunities to all residents, there should be a prioritisation of 
those areas that serve key regional locations in which off-road riding communities 
exist. Assessment of the levels of riding in different areas of the state should be 
undertaken to deliver the most efficient provision of services. 
 
11.10 Government organisation 
 
As noted previously (Sheehan et al., 2008) off-road riding injury is an issue that falls 
across many relevant government departments and community stakeholder groups. 
Previous research has largely considered off-road riding injury from a public health 
perspective, but there is value in also applying the findings of the existing body of 
research regarding motorcycle safety completed by road safety researchers. Other 
departments in this state have taken the lead in providing support for the more sporting 
and recreational modes of riding. While there are obvious benefits to particular 
departments taking an interest in sub-populations of the off-road riding community, 
the current project has demonstrated that there is considerable overlap between riding 
purposes. There may therefore be value in having one particular department taking the 
lead in guiding injury prevention efforts globally for all off-road riders. This will allow 
for clear coordination of strategies at a high level.  
 
11.11 Training 
 
Consideration should be given to training as an intervention for a number of reasons. 
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Firstly, it has significant face validity among the public and the riding community 
alike. There is a low take-up of formal rider training and a noted concern that informal 
off-road training in the early years of motorcycle riding may facilitate the formation of 
inappropriate or unsafe habits (Reeder et al., 1996). Training would need to be 
perceived by riders to be worthwhile and positive. While the majority of previous rider 
training has been focused on a traditional expert-trainee relationship, recent research 
has put forward the potential benefits of a learner-centred approach that focuses on an 
individual’s needs and is tailored towards relevant riding experiences (Rowden, 
Watson, & Haworth, 2007). It is likely however, given the general mistrust of any 
intervention within the riding community, that initiating a safety-focused training 
program would be difficult. The identification of ‘change agents’ or so-called 
‘champions of change’ to direct such programs would be beneficial. The roles of such 
an ‘agent’ have been postulated to include winning initial support from the 
community, linking it to external and internal resources and building confidence 
around the new program (Farmer, 1990). The club riding context could additionally 
serve a supportive role in terms of promoting safer riding generally. It is likely that 
there would continue to be a segment of the riding population who do not wish to be 
restricted or controlled in any sense. 
 
11.12 Provision of riding locations 
 
It is worth considering the issue of the availability of off-road areas to ride 
motorcycles. This has been an on-going debate between those that believe venues and 
land should be allocated for the activity versus those who are in support of restricting 
access. Queensland state and local government are currently considering a number of 
options as to how to best provide for recreational off-road vehicle users (Department 
of Communities, 2011b). Clear information as to the rules and regulations of legal 
riding locations is cited as an issue that needs to be resolved. As the Victorian 
Department of Sustainability and Environment (2005b) notes, “current levels of 
ignorance and misinformation feed inappropriate expectations of where and how bikes 
can be ridden and the laws that apply to their use” (p.32). 
 
Similarly, a report focused on underage, unlicensed and unregistered trail bike riders 
in South East Queensland (Hibbins, 2002) reported that council authorities were 
concerned about younger illegal riders, as well as the use of inappropriate lands more 
generally. The Queensland Outdoor Recreation Federation (2003) attributes the source 
of this conflict to the displacement of outdoor recreation activities in South-East 
Queensland and the Cairns regions, where urban expansion and the rapid development 
of transport networks has occurred. Riders interviewed by Hibbins were in favour of 
councils developing new land for riders, the provision of permits for unregistered 
recreational riders, provisions for addressing insurance and litigation for injury at 
venues, and increased information flow between officials and the riding community. 
Councils and other local government representatives however did not see it as their 
role to provide land, but rather preferred the option of leasing land as required to 
associations and riding clubs. Riders however countered that illegal riding is a 
relatively spontaneous action undertaken by participants not interested in competition, 
that occurs in opposition to the cost and inconvenience of formal riding locations like 
motocross tracks. That is, there may be a disconnect between the needs of an informal 
group of riders and what local governments are prepared to offer. 
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A Victorian review of options for trailbike riders noted that developing workable 
solutions taking into account legal venues, the closure of informal ‘illegal’ tracks, and 
a recreational registration scheme will require significant inter-agency cooperation 
(Department of Sustainability and Environment, 2005b). Establishing a single riding 
site that can handle the demands of all riders, particularly those who ride 
recreationally, is noted as a difficult task. While certain modes of riding such as trials 
and motocross can be conducted on small plots of land, informal trail riding by 
definition involves long-distances and ideally a mix of environments (CPR Group, 
2004). 
 
11.13 Enforcement 
 
The opportunities for enforcement directed towards unsafe riding behaviours remain 
quite limited in their scope. The exception to this is riding being undertaken in 
controlled environments. In the cases of established riding locations, the owners or 
managers of the setting are recommended to enforce a minimum standard of behaviour 
(such as exclusion of alcohol and a required level of safety equipment usage) and 
facilities (Department of Communities, 2008). Further research would be required to 
determine with confidence if those riding in controlled environments are at a reduced 
injury risk to those riding on private properties. While it may be intuitive that a 
controlled environment would promote safer riding, there have been previous attempts 
at establishing such locations which indicate that that this may not always be the case 
(Office of the State Coroner, 2008). Obviously if a riding environment is run in a 
manner where safety is not a priority, it is likely that negative injury outcomes will 
result. There may indeed be competing priorities for those wishing to provide a riding 
location which is attractive to riders and safe. It is interesting to note in the Coronial 
report following three deaths occurring at a Queensland riding location (Office of the 
State Coroner, 2008), that riders: 
 
“...seemed to have a philosophical objection to the activities of the park 
being regulated. They espoused views redolent of primordial liberalism 
to the effect that if individuals want to engage in dangerous activities 
they should be allowed to do so, free from government intervention, 
even if it results in their being killed or injured.” (p17) 
 
This finding was largely in line with the statements put forward by participants in the 
focus groups. While there is no doubt that there is some inherent injury risk in the 
behaviour, it was the position of the State Coroner that appropriate information and 
risk management procedures can be put in place. These include the provision of 
accurate information about the riding environment and accreditation of riders through 
a formal monitoring body before being allowed to access the high-risk types of riding 
which would require substantial riding experience. Self-regulation and personal 
responsibility, while put forward as key tenets of riding groups, would still benefit 
from clear and detailed information outlining the risks of riding.  
 
The same controls would also be applicable to the usage of off-road vehicles in the 
context of agricultural work. This context has the additional strength of being able to 
enforce breaches of behaviour under the auspices of Queensland and national 
Workplace Health and Safety (WH&S) legislation. Examples of the legal 
responsibilities of a farm manager include identification of workplace hazards, 
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maintenance of vehicle safety, provision of safe work practices and provision of 
training and supervision related to safety (Worksafe Victoria, 2009). While there are 
potential benefits for such WH&S enforcement, further evidence is required to 
determine the best methods of actually enforcing and encouraging preventive 
behaviours.   
 
11.14 Overall summary 
 
Table 11.1 below summarises the above information to give a number of 
recommendations as to evidence-based actions that can be undertaken to reduce 
injuries to off-road riders. Along with each recommendation, the relevant parties that 
have some direct or indirect responsibility regarding the intended outcome are 
identified. Suggested specific actions related to each responsible party to achieve each 
recommendation are also suggested. Finally, potential issues which may affect the 
ability of the recommendation to be implemented successfully are also highlighted. 
The following intervention recommendations are not to be considered as strict, 
prescriptive ideas, but rather serve as a guide to relevant factors which have been 
identified either through the findings of the current studies or consistently in the 
existing research literature. In line with an ecological perspective, any intervention 
development should assess, at least broadly, the characteristics and contexts of off-
road riding in the target population to determine the transferability of the current 
findings. 
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Table 11.1. Recommendations for off-road rider injury prevention including relevant parties and implementation issues 
 
Recommendation Level of Intervention Actions Implementation Issues 
    
Overarching recommendations    
Expand intervention efforts for 
young males to include mention of 
off-road riding 
All - Consider the injury prevention impact on 
young male riders in all possible 
interventions 
 
  - Add to on-going work in youth injury 
prevention, in particular to highlight the 
risks of vehicle use, including off-road 
motorcycles 
- Injury prevention programs may 
not see off-road riding injury as a 
significant enough issue to add to 
the number of existing priorities 
    
Focus intervention efforts on those 
riding off-road for recreational 
purposes 
All - Consider the injury prevention impact on 
the highest risk recreational riders in all 
intervention plans 
- Those riding for recreational 
purposes may be particularly 
resistant to outside interference. 
  - Engage with existing groups that are 
focused on sports and recreation 
management. 
 
    
Establish a group which has 
responsibility for off-road riding 
injury 
Exosystem – Government 
organisations 
Micro/mesosystems - 
Community organisations 
Riding groups 
- Bring together relevant stakeholders to 
form a group that is responsible for 
monitoring, reporting and coordination of 
responses regarding off-road riding injuries. 
 
- This group should encompass 
representatives from several government 
groups as well as community and rider 
groups which may have relevant input 
 
- Monitor emerging trends related to off-
road riding so that new recommendations for 
injury prevention can be developed 
- There may be a lack of social or 
political will for some stakeholder 
groups, which will decrease the 
diversity and reach of the group 
 
- Lack of ability to make an impact 
on the riding community once 
established, due to conflict with 
those members of the community 
who may not be positive towards 
monitoring or regulation of their 
behaviour. 
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Increase the usage of helmets and 
other safety equipment, particular 
for occupational or farm-based 
riders 
Exosystem - Government 
organisations 
- Mandate helmet use for all riding activities - Existing issues of comfort and 
potential resentment by riders who 
do not see work riding as a 
significant safety risk 
 
 Microsystem - Family 
members of riders 
Exosystem - Government 
organisations 
Micro/mesosystems - 
Community organisations 
 
- Specifically market to family members to 
act as models of appropriate safety 
behaviour 
- Family members themselves may 
not support the use of helmets due 
to the reasons listed in the above 
point 
 
 Exosystem - Safety 
equipment manufacturers 
Exosystem - Researchers 
- Conduct research and development 
towards, and produce helmets and other 
protective equipment with increased comfort 
for the work riding context 
- The costs to develop and bring 
these new products to the market 
may be prohibitive taking into 
account potential sales  
 
Encourage the use of other more 
protective vehicles when 
appropriate 
Exosystem - Government 
organisations 
Micro/mesosystems - 
Community organisations 
- Specifically discourage the use of ATVs 
and other potentially unstable off-road 
riding equipment in contexts where a utility 
or standard vehicle could be substituted 
- There may be substantial costs or 
loss of efficiencies in work 
methods associated with changing 
work methods and ceasing use of 
existing vehicles 
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Target family members as key 
agents for influencing off-road 
rider behaviour 
Microsystem - Family 
members of riders 
Exosystem - Government 
organisations 
Micro/mesosystems- 
Community organisations 
- Encourage riders to ride with family 
members and promote the role of family 
members as ‘champions for safety’ 
- Encourage family members to take an 
active role in providing rider training, 
particularly for younger riders 
 
- There may be risks of 
encouraging unsafe or 
irresponsible behaviours which are 
not supported by evidence to 
reduce the risk of injury 
 Exosystem - Safety 
promotion organisations 
Exosystem - Researchers 
Provide guidance as to behaviours to 
promote when involved in training or 
modelling riding behaviour 
- Potential rejection of outside 
interference with family members 
wishing to impart their own 
knowledge to other riders 
Encourage safety-focused, 
organised riding groups  
Exosystem - Government 
organisations 
Microsystem - Riding 
groups 
Exosystem - Proposed off-
road safety group 
- Provide formal accreditation of riding 
groups that can establish safe riding 
practices 
- Provide incentive funding to riding groups 
on the basis of accreditation 
- The accreditation process would 
involve significant overheads of 
management for both the 
monitoring group and the riding 
group.  
- The costs to riding groups in 
attempting to achieve compliance 
with accreditation may outweigh 
the benefits 
- Funding sources for the incentive 
program would need to be 
identified 
 
Utilise the point-of-sale of off-road 
vehicles as a dissemination point 
for safety related information 
Micro/mesosystems - 
Motorcycle dealerships 
 
- Display safety-related materials at point-
of-sale locations. 
- Disseminate safety related materials at the 
time of a vehicle sale 
- Promote the purchase of relevant safety 
equipment. 
 
- Promoting safety is not a core 
business activity of dealerships and 
may be perceived negatively 
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 Exosystem - Government 
organisations 
Exosystem - Safety 
organisations 
- Develop safety-related materials and 
guidelines for dissemination at the point-of-
sale 
- There is a known lack of impact 
of brochures and similar material 
in isolation on behavioural 
outcome measures 
 
Develop relevant and effective 
media campaigns that increase the 
safety of off-road riding 
Exosystem - Safety 
organisations 
Exosystem - Government 
organisations 
Exosystem - Media groups 
and publishers 
- Develop media campaigns that highlight 
positive and negative off-road riding 
behaviours that should be respectively 
encouraged or discouraged 
 
- Focus media campaigns on both riders 
directly and their social interactions with 
family members 
 
- Media campaigns should be focused 
towards areas with a high proportion of 
riders such as rural centres and riding 
contexts with an established higher risk such 
as recreational riders 
 
- Widespread media campaigns can 
be costly to run 
- Publishers may be reluctant to 
run certain advertisements that do 
not fit with the narrative presented 
in the rider-centric publications 
Introduce legislation mandating a 
minimal level of safety behaviour 
for off-road riding 
Exosystem - Government 
organisations 
 
- Consult with the riding community and 
other relevant stakeholders to introduce 
legislation that will legislate minimum 
levels of safety behaviour 
- Further legislation may be 
politically unpopular due to 
potential negative reception by off-
road riders 
 
- Enforcement of legislation may 
be particularly difficult when off-
road riding is undertaken in a 
variety of contexts with differing 
levels of possible control 
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Encourage off-road riding in safe, 
controlled locations which are 
accessible and supported by riders 
Exosystem - Local 
government 
- Negotiate for the development of dedicated 
areas where off-road riding can occur 
- Illegal riding may likely persist 
for those that do not wish to or are 
unable to access these designated 
locations. 
 Exosystem - Land holders 
Exosystem - Business 
owners 
- Ensure that riding locations enforce a basic 
set of rules and regulations which encourage 
a minimal level of safe riding 
- There are substantial risks and 
costs to the establishment of such 
areas which government or 
individual would have to bear. 
 
- Proper accreditation and 
regulation of safety at sites may be 
a difficult process given previous 
efforts which have had poor safety 
records. 
 
Separate alcohol use and off-road 
riding wherever possible 
Individual riders - Separate drinking and the riding task from 
one another 
 
- Not directly controllable by 
external influences 
 Exosystem - Workplace 
Health and Safety  
Microsystem - Employers 
Microsystem - Farm 
owners 
 
- Tighten relevant legislation regarding 
alcohol use and its impact on insurance 
payments for injury. 
 
- Altering of existing legislation 
may be costly 
 Micro/mesosystems - 
Developers of riding 
locations 
- Monitor and enforce alcohol blood alcohol 
limits in riding locations 
- Potential lack of regulatory 
power to enforce alcohol testing 
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11.15 Future research 
 
This program of research has identified a number of key predictors of off-road riding injury 
and has made recommendations for injury prevention interventions. There are a number of 
outstanding issues that should be addressed by future research. Some of these suggestions 
overlap with the recommendations suggested above, and would provide either supporting 
evidence or guidance as to how specifically to formulate these interventions.  
 
Further analysis of individual crash events may be helpful in identifying specific behaviours 
that lead to injury. Future research projects should consider collecting and analysing self-
report crash descriptions with a particular focus on what contributed directly to the crash and 
what could have been done to prevent the crash. Related to this need to further profile the 
nature of off-road crashes is the need to improve injury surveillance data specifically related 
to off-road riding. 
 
There is an existing database of fatal ATV crashes held by the Australian Centre for 
Agricultural Health and Safety (Australian Centre for Agricultural Health and Safety, 2012). 
Future research should seek to develop an expanded, Australia-wide injury surveillance 
program that captures fatal and serious injuries resulting from either off-road two-wheel 
motorcycle use or ATV use. Currently, there is no easily accessible method for assessing the 
number of deaths and injuries due to off-road riding in Australia. While individual studies 
such as the current program of research provide detailed information on a subsample of 
incidents, an ongoing database would provide a means for the tracking of the number and 
characteristics of injured off-road riders. 
 
Further attempts to quantify the numbers of riders and their relative involvement in different 
types of riding would also be beneficial to serve as exposure data to assist with the 
interpretation of injury data. A number of smaller projects have provided indicative data about 
various subsets of riders but there is little information on an overall snapshot of off-road 
riding patterns at a state or national level. The use of population level indicators is largely not 
appropriate with preferable measures being the number of riding instances or number of hours 
of actual riding. The current study’s exposure data collection was largely descriptive and not 
directly transferable to determining riders’ hours or distance ridden in the past week, month or 
year. With substantial riding occurring on private properties with no official record keeping, it 
is difficult to objectively monitor actual vehicle use. Future research should seek to collect 
detailed time or distance exposure measures through large-scale surveying of off-road riders 
from varying locations and contexts. 
 
It was acknowledged in the limitations of the current program of research that the focus group 
and rider survey analyses were restricted due to their relatively low sample size. Further 
research is required to replicate and extend the current analyses using a substantially larger 
and more varied sample. This could be achieved by expanding large surveys such as the 
Australian Bureau of Statistics’ Survey of Motor Vehicle Use. In particular, further analyses 
should be undertaken to determine the unique and constant characteristics of riders across 
varying riding contexts. This would aid in assessing the generalisability of the current 
findings to the larger off-road rider community and injured sub-population. 
 
While the recommendations put forward as a result of the current research acknowledge that 
there are potential implementation issues, further research should be undertaken to consider 
the opinions of relevant stakeholders who would be tasked with implementing the 
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recommendations. Ultimately determining the practicality of the current interventions is 
outside the scope of the current program of research. As an example, the recommendation 
regarding the development of dedicated off-road riding locations would require significant 
input from local and state governments and landholders. Practical issues which would require 
further investigation would include sourcing appropriate funding and ensuring compliance 
with legislation surrounding land development. 
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Appendix A - Injury Profiles from previous studies 
 
 
Ref name  (Langley, Marshall, D.J., & Reeder, 1995)     
Location  All New Zealand   
Data source  Hospital discharge data   
Ages  All ages   
Sample size  4199   
Criteria  Hospitalised only, off-road   
Vehicle types  ATV, 3 and 4 wheel; motorcycles % n 
Distribution  Limb fracture  40.1% 1686 
   Lower 28.0% 1176 
   Upper 12.1% 510 
   Head injury  26.3% 1105 
   Intracranial 21.1% 887 
   Skull Fracture 3.9% 166 
   Open wound 1.2% 52 
   Spine, trunk fracture  6.1% 258 
   Open wound lower limb  5.4% 230 
   Contusion  5.1% 216 
   Internal injury  4.4% 184 
   Other injuries  12.3% 520 
    166.0%  
      
      
Ref name  (Wilson-MacDonald, Sherman, & Mackinnon, 1987)  
Location  Oxford, UK   
Data source  Hospital attendees   
Ages  All ages   
Sample size  155   
Criteria  Attendance at accident department   
Vehicle types  Motorcycles only, off-road % n 
Distribution  Mild head 16.1% 25 
   Knee 16.8% 26 
   Thoracic/spine 10.3% 16 
   Foot 7.7% 12 
   Clavicle 6.5% 10 
   Distal radius 7.1% 11 
   Face and scalp 6.5% 10 
   Ankle 5.8% 9 
   Chest/abdomen 3.2% 5 
   Tibia 3.2% 5 
   Other 16.8% 26 
    100%  
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Ref name  (Shepherd, Barker, Scott, & Hockey, 2006)   
Location  Queensland   
Data source  QISU data   
Ages  All   
Sample size  743   
Criteria  On farm, around farm, or agricultural worker   
Vehicle types  ATV and Motorcycle % n 
Distribution  Not specified 5.5% 41 
   Other 4.4% 33 
   Neck 3.8% 28 
   Chest 4.3% 32 
   Multiple 7.3% 54 
   Head and face 9.6% 71 
   Upper limb 30.0% 223 
   Lower limb 35.1% 261 
    100.0%  
      
      
Ref name  (Stueland & Zoch, 1995)   
Location  Central Wisconsin   
Data source  Hospital emergency department   
Ages  All   
Sample size  64   
Criteria  FARM / All ED pres / admissions, off-road   
Vehicle types  Snowmobile and ATV % n 
Distribution  Lower extremity 48.4% 31 
   Upper extremity 35.9% 23 
   Head and neck 20.3% 13 
   Trunk 14.1% 9 
   Face 18.8% 12 
    137.5%  
      
      
Ref name  (Stueland & Zoch, 1995)   
Location  Central Wisconsin   
Data source  Hospital emergency department   
Ages  All   
Sample size  64   
Criteria  NON-FARM / All ED pres / admissions, off-road  
Vehicle types  Snowmobile and ATV % n 
Distribution  Lower extremity 41.7% 111 
   Upper extremity 32.7% 87 
   Head and neck 20.3% 54 
   Trunk 18.0% 48 
   Face 12.8% 34 
    125.5%  
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Ref name  (DeLisle, Laberge-Nadeau, & Brown, 1988)  
Location  Quebec   
Data source  Emergency room presentations   
Ages  All   
Sample size  624   
Criteria  May to November, 1985   
Vehicle types  ATV only % n 
Distribution  Lower limbs 28.8% 317 
   Upper limbs 27.7% 305 
   Head, neck, face 25.5% 281 
   Trunk 17.9% 197 
    100.0%  
      
Ref name  (Meuleners, Lee, & Haworth, 2006)   
Location  Perth   
Data source  ED in hospital   
Ages  All   
Sample size  280 with injury location available   
Criteria  Non-traffic presentations   
Vehicle types  151 Bicycles, 104 mcycles, 27 peds % n 
Distribution  Upper extremity 37.5% 105 
   Lower extremity 26.0% 74 
      
      
Ref name  (Balthrop, Nyland, & Roberts, 2009)   
Location  US/Canada - collated 3 studies   
Data source  Hospital admissions   
Ages  All   
Sample size     
Criteria  Fractures only   
Vehicle types  ATVs only %  
Distribution  Skull 1.3%  
  Facial 1.9%  
  Mandible 0.3%  
  Acromion 2.2%  
   Humerus 6.2%  
   Spine 2.7%  
   Pelvis 4.2%  
   Phalanges (fingers) 13.4%  
   Tibia/Fibula 2.6%  
   Tarsal/metatarsal 0.8%  
   Phalanges (toes) 1.2%  
   Patella 3.8%  
   Femur 2.8%  
   Carpal/metacarpal 14.8%  
   Radius/Ulna 6.4%  
   Rib 1.6%  
   Scapula 24.0%  
   Clavicle 9.8%  
    100.0%  
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Ref name  (Berry & Harrison, 2007)   
Location  Australia wide   
Data source  Hospital separations   
Ages  All   
Sample size  48,511   
Criteria  Hospital separation, 2003-04   
Vehicle types  All transport - land, air, water etc % n 
Distribution  Head 23.0% 11177 
   
Trunk (neck, thorax, abdomen, lower back 
lumbar spine and pelvis) 28.0% 13582 
   Shoulder and upper limb 25.6% 12437 
   Hip and lower limb 21.5% 10408 
   Other injuries not specified location 1.9% 907 
    100.0%  
      
      
Ref name  (Fragar, Pollock, & Morton, 2006)   
Location  New South Wales   
Data source  Hospitalisation data   
Ages  All   
Sample size  228   
Criteria  On-farm injury / agent coded as ATV   
Vehicle types  ATV only % n 
Distribution  Head 26.3% 60 
   Neck 7.5% 17 
   Thorax 9.2% 21 
   Abdomen 9.6% 22 
   Upper limbs 21.5% 49 
   Lower limbs 16.7% 38 
   Other 9.2% 21 
    100.0%  
      
      
Ref name  (Mullens et al, 2007)   
Location  Oregon   
Data source  Oregon trauma centre registries   
Ages  All   
Sample size  197   
Criteria  Off-road only   
Vehicle types  ATV % n 
Distribution  Head and neck 46.2% 91 
   Face 15.7% 31 
   Chest 31.0% 61 
   Abdomen 22.3% 44 
   Extremities 38.6% 76 
   External 65.5% 129 
    219.3%  
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Ref name  (Mullens et al, 2007)   
Location  Oregon   
Data source  Oregon trauma centre registries   
Ages  All   
Sample size  197   
Criteria  Off-road only   
Vehicle types  Motorcycle % n 
Distribution  Head and neck 38.0% 35 
   Face 18.5% 17 
   Chest 30.4% 28 
   Abdomen 29.3% 27 
   Extremities 46.7% 43 
   External 66.3% 61 
    229.3%  
      
      
Ref name  (Victorian Injury Surveillance and Applied Research, 1997) 
Location  Victoria   
Data source  Emergency department presentations   
Ages  15 years and above   
Sample size  634   
Criteria  Non-traffic only   
Vehicle types  Motorcycle, mini/trail bikes % 
Estimates of 
n from % 
Distribution  Head 11.0% 70 
   Arms 38.0% 241 
   Trunk 12.0% 76 
   Legs 38.0% 241 
   Other 1.0% 6 
    100.0%  
      
      
Ref name  (Acosta & Rodríguez, 2003)   
Location  Puerto Rico   
Data source  Hospital admissions   
Ages  All   
Sample size  74   
Criteria  Blunt trauma patients   
Vehicle types  ATV only % n 
Distribution  Head 48.6% 36 
   Chest 28.4% 21 
   Abdomen 39.2% 29 
   Extremities 44.6% 33 
    160.8%  
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Ref name  (Acosta & Rodríguez, 2003)   
Location  Puerto Rico   
Data source  Hospital admissions   
Ages  All   
Sample size  169   
Criteria  Blunt trauma patients   
Vehicle types  Motorcycles only % n 
Distribution  Head 29.6% 50 
   Chest 30.8% 52 
   Abdomen 8.3% 14 
   Extremities 69.2% 117 
    137.9%  
      
      
Ref name  (Sibley & Tallon, 2002)   
Location  Nova Scotia   
Data source  Hospital Trauma Registry   
Ages  All   
Sample size  25   
Criteria  Blunt-trauma victims with an ISS of 12 or higher  
Vehicle types  ATV only % n 
Distribution  CNS   
     Major head injury 44.0% 11 
     Spinal cord 28.0% 7 
   Chest   
     Hemo- or pneumothorax 8.0% 2 
     Pulmonary contusion 16.0% 4 
   Abdomen   
     Bowel 8.0% 2 
     Spleen 8.0% 2 
     Kidney 12.0% 3 
   Orthopedic   
     Long bone 4.0% 1 
     Pelvic 8.0% 2 
     Spinal fracture 20.0% 5 
   Vascular   
     Peripheral vascular 4.0% 1 
   Other   
     Peripheral nervous system 4.0% 1 
     Major facial fracture 20.0% 5 
     Ruptured bladder 4.0% 1 
    188.0%  
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Ref name  (Tomida et al., 2005)   
Location  Japan   
Data source  Self-report injuries   
Ages  Adult professional riders   
Sample size  32 injuries…   
Criteria  Injury   
Vehicle types  Motocross % n 
Distribution  Neck 3.1% 1 
   Trunk 6.3% 2 
   Clavicle 21.9% 7 
   Shoulder 6.3% 2 
   Upper arm 6.3% 2 
   Elbow 0.0% 0 
   Forearm 3.1% 1 
   Wrist 15.6% 5 
   Hand/finger 9.4% 3 
   Hip 3.1% 1 
   Thigh 0.0% 0 
   Knee 9.4% 3 
   Lower leg 3.1% 1 
   Ankle 12.5% 4 
   Foot 0.0% 0 
    100.0%  
      
271 
 
 
Ref name  (Gorski et al., 2003)   
Location  Southern California   
Data source  Hospital data   
Ages  All   
Sample size  270   
Criteria  Hospital admission   
Vehicle types  Motorcycle, motocross % n 
Distribution  Extremity trauma 52.2% 141 
   Tibia/fibula fracture 15.2% 41 
   Femur fracture 14.1% 38 
   Forearm fracture 10.0% 27 
   Humerus fracture 1.9% 5 
   Leg laceration 1.9% 5 
   Shoulder contusion 1.9% 5 
   Acromio-clavicular separation 1.5% 4 
   Knee contusion 1.5% 4 
   Other 8.5% 23 
   Head trauma 32.6% 88 
   Cerebral concussion 26.3% 71 
   Intracerebral haemorrhage 4.1% 11 
   Subarachnoid haemorrhage 1.5% 4 
   Skull fracture 0.7% 2 
   Chest trauma 23.3% 63 
   Rib fracture 7.8% 21 
   Blunt chest trauma (no fracture) 7.0% 19 
   Clavicle fracture 6.7% 18 
   Pneumothorax 5.2% 14 
   Pulmonary contusion 1.5% 4 
   Haemothorax 0.7% 2 
   Abdominal trauma 14.8% 40 
   Normal CT 10.4% 28 
   Splenic laceration 1.9% 5 
   Kidney contusion 1.1% 3 
   Liver laceration 1.1% 3 
   Small bowel perforation 0.4% 1 
   Spinal trauma 13.7% 37 
   Spinal fractures 8.9% 24 
   Spinal strain 4.4% 12 
   Spinal cord contusion 0.4% 1 
   Pelvic trauma 8.1% 22 
   Pelvic fractures 4.1% 11 
   Hip dislocation 1.5% 4 
   Acetabular fracture 1.5% 4 
   Hip fracture 1.1% 3 
    144.8%  
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Ref name  (Smith et al., 2005)   
Location  Houston and Louisiana   
Data source  Hospital trauma registry   
Ages  All   
Sample size  208   
Criteria  None   
Vehicle types  ATV only % n 
Distribution  Major CHI injury 26.4% 55 
   Minor CHI injury 14.9% 31 
   Thoracic injury 24.0% 50 
   Abdominal injury 12.0% 25 
   Facial injury 63.5% 132 
   Ext fracture 13.9% 29 
   Other Ext 9.1% 19 
   Pelvic injury 6.7% 14 
   Spinal ND 1.9% 4 
   Spinal-no ND 12.5% 26 
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Ref name  (Moroney, Doyle, & Mealy, 2003)   
Location  Rural Ireland   
Data source  Accident and emergency unit pres.   
Ages  All   
Sample size  32   
Criteria  None   
Vehicle types  ATV % n 
Distribution  Upper limb 46.9% 15 
   Clavicular fracture 9.4% 3 
   Scaphoid fracture 6.3% 2 
   Humeral shaft fracture 6.3% 2 
   Distal radial fracture 3.1% 1 
   Radial head fracture 6.3% 2 
   Soft tissue injury 15.6% 5 
   Lower limb 28.1% 9 
   Tibial fracture 6.3% 2 
   Tibial fracture (closed) 3.1% 1 
   Patellar fracture 3.1% 1 
   Talus fracture 3.1% 1 
   Navicular fracture 3.1% 1 
   EHL laceration 3.1% 1 
   Soft tissue injury 6.3% 2 
   Head and spine 21.9% 7 
   Concussion 6.3% 2 
   Severe facial lacerations 3.1% 1 
   Thoracic vertebral fracture 3.1% 1 
   Lumbar vertebral fracture 9.4% 3 
   Chest/abdomen/pelvis 21.9% 7 
   Bilateral tension pneumothoraces 3.1% 1 
   Multiple rib fractures 6.3% 2 
   Frank haematuria 3.1% 1 
   Groin haematoma 3.1% 1 
   Open-book pelvic fracture 3.1% 1 
   Sacral fracture 3.1% 1 
    118.8%  
     
Ref name  (Colburn & Meyer, 2003)   
Location  Travelling intl. motocross sporting event   
Data source  Self-report surveys   
Ages  Adults, professional riders   
Sample size  172   
Criteria  Pro riders in comp.   
Vehicle types  Motorcycle, motocross % n 
Distribution  Head/neck/face 2.3% 4 
   Shoulder girdle 16.9% 29 
   Arms 25.0% 43 
   Hands/wrist 20.9% 36 
   Hip/leg 8.1% 14 
   Knee 12.2% 21 
   Ankle/foot 18.0% 31 
    103.5%  
274 
 
 
Ref name  (Gobbi, Tuy, & Panuncialman, 2004)   
Location  European competition motocross   
Data source  Accident report forms   
Ages  Adult professional off-road riders   
Sample size  1500 accidents   
Criteria  Injury to rider requiring reporting   
Vehicle types  Motorcycle, motocross % n 
Distribution  Upper extremity 44.5% 667 
   Lower extremity 44.5% 667 
   Face (including concussions) 11.5% 172 
   Skull 0.7% 10 
   Cranium 5.7% 86 
   Chest 16.1% 242 
   Spine 1.7% 26 
    124.7%  
      
      
Ref name  (Coben, Steiner, & Owens, 2001)   
Location  U.S. Nationwide   
Data source  Hospital discharge summaries   
Ages  All   
Sample size  4906   
Criteria  Hospital admission / discharge   
Vehicle types  Motorcycles % 
Estimates 
from sample 
size * %s 
Distribution  Top five principal diagnoses   
   Fracture (lower limb) 32.7% 1604 
   Fracture (upper limb) 15.3% 751 
   Intracranial injury 9.7% 476 
   Other fracture 11.6% 569 
   Crushing or internal injury 13.3% 652 
    82.6%  
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Ref name  (Lower, Egginton, & Owen, 2003)   
Location  Western Australia   
Data source  Self-report   
Ages  Yr.11/12 students, (15-17 years mostly)   
Sample size  31   
Criteria  Self-report injury   
Vehicle types  ATVs only % n 
Distribution  Trunk 12.0% approx 
   Head 11.0% approx 
   Lower limb 36.0%  
   Upper body 38.0%  
    97.0%  
      
      
Ref name  (Grange, Corbett, & Cotton, 2004)   
Location  Southern California   
Data source  ED and hospital admissions   
Ages  All   
Sample size  376   
Criteria  ED pres or hospital admission, off-road   
Vehicle types  Motorcycle (e810-825) % n 
Distribution  Head 19.9% 75 
   Spine 8.0% 30 
   Blunt chest trauma 12.0% 45 
   Blunt abdominal trauma 5.1% 19 
   Upper extremity 17.8% 67 
   Lower extremity 18.6% 70 
   Skin 40.4% 152 
    121.8%  
      
Ref name  (Landen, Middaugh, & Dannenberg, 1999)   
Location  Alaska   
Data source  Trauma registry - hospitalisations   
Ages  All   
Sample size  238   
Criteria  Hospitalisation   
Vehicle types  Snow mobiles % n 
Distribution  Lower extremity fracture 38.0% 90 
   Skull fracture, closed head trauma 19.0% 46 
      
 
276 
 
Appendix B - Complete survey of InSPiRS panel members  
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Appendix C - Comparison of risk-taking instruments 
 
Instrument  Strengths  Weaknesses 
     
1. Arnett Inventory of Sensation Seeking (AISS)     
- assesses both the need for novelty and stimulation (intensity) 
 - novelty assessed by questions related to exposure to new situations 
 - intensity assessed by exposure to extremes of experience such as loud noises 
and pressure to complete work 
 - Takes into account both novel and intense 
experiences  
- Relatively short at 20 questions 
 - 20 questions, several with low face 
validity (eg: marrying a foreign 
person, dislike of spicy foods) 
     
2. Attitudes Towards Risks Scale     
- Ratings of 34 questions requiring responses on a 5-point scale from ‘like me’ to 
‘not like me’ 
- This includes 11 items regarding thinking about risks, while not necessarily 
taking part in the activities 
 
 - The measure assesses both physical and 
psychological risks 
 - 34 items 
     
3. Cognitive Appraisal of Risky Events (CARE) Questionnaire     
- Measures beliefs about the consequences of risky events as well as expected 
and actual involvement in the activities. There are 6 factors consisting of 30 
questions in total: 
- Illicit drug use (3 items) 
- Aggressive and illegal behaviours (9 items) 
- Risky sexual activities (6 items) 
- Heavy drinking (3 items) 
- High risk sports (4 items) 
- Academic/work behaviours (5 items) 
 - Combines both consequence and 
involvement in risks 
 - Focused on illegal, sexual and drug 
behaviours. 
     
4. Choice Dilemma Questionnaire     
- Rating of scenarios with two options, one risky with resulting rewards and 
another ‘sure thing’ option. Provides some simple framing within the scenarios. 
 
   - Scenario based  
- Relatively long completion time 
     
 
286 
 
Instrument  Strengths  Weaknesses 
     
5. Domain Specific Risk Attitude Scale (DOSPERT)     
- consists of ratings to 40 statements on 2 rating scales 
- likelihood of engaging in the behaviour? 
- how risky is the statement/behaviour? (risk perception) 
 
 - Measures several domains of risk 
- Considers both likelihood and perceived 
risk 
 
 - 40 statements on 2 rating scales = 
80 questions, long completion time 
6. Eysenck Personality Questionnaire     
- Measures 3 constructs 
- 1) Extraversion/introversion (sensation seeking and venturesomeness) 
- 2) Neuorticism/Emotionality 
- 3) Psychotism/Tough mindedness (impulsivity) 
 
 - Measures a number of related constructs  - 100 items, long completion time 
- Short version (just impulsiveness, 
venturesomeness and empathy)  is 
still 63 items 
     
7. Evaluation of risk scale     
- 5 factors (self control, danger seeking, energy, impulsiveness, invincibility) 
- select midpoint on 100mm like between opposing ends of 24 construct-related 
statements 
 
 - Measures several aspects of risk taking 
- Relatively short at 24 items 
 
  
     
8. Jackson Personality Inventory     
- A set of measures of “cognitive, interpersonal and value orientations” 
(p.1390).  
- Provide True/False answers to a series of statements
   - 320 statements, long completion 
time 
     
9. Job Preference Inventory     
- 8 opposing items regarding the type of job one would prefer (eg: a job that is 
changing very little / constantly changing) 
 - Short instrument  - Specific to the job task, may not be 
applicable for those that have not 
worked (eg: students) 
     
10. Modified Sensation Seeking Type Inventory     
- 15 item scale with a series of statements regarding personal attitudes. Each is 
rated on a 5 point scale from ‘Strongly Disagree’ to ‘Strongly Agree’ 
 - Relatively short at 15 items compared to 
other SS measures 
- Avoids use of potentially offensive 
concepts / language 
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Instrument  Strengths  Weaknesses 
     
11. Portfolio of risk measures     
- 3 categories 
- underlying theories of risk 
- revealed choices in financial risk situations 
- risk attitudes
    
     
12. Positive Urgency Measure     
- 14 items focused on risk taking and other disinhibition behaviours associated 
with being in a positive frame of mind (eg: happy, excited) 
 - Short instrument  - Specific to positive emotional state 
     
13. Reckless Behaviour Questionnaire     
- 10 items measuring how often the respondent has taken part in various reckless 
behaviours from (A = 0 times) to (E = more than 10 times) 
 - Short instrument  - Entirely focused on illegal, sexual 
and drug related behaviours 
     
14. Risk Activity by Personal Risk Assessment (RAPRA)     
- Combination of the degree of riskiness perceived in a list of 26 activities as 
well as the degree of participation in the activities 
 - Provides involvement across activities of 
different perceived riskiness 
 - Has a number of items related to 
sexual and drug behaviours 
     
15. Risk and Excitement Inventory     
- Consists of a final 21 questions about general risk taking activities, each rated 
on a 5 point scale related to the self-descriptiveness of the statement. Results can 
be grouped into 2 factors 
- Compensation (11 items), related to feelings about one’s risk taking 
- Escape (10 items), related to sensation seeking, disinhibited behaviour 
 - Takes into account both personal benefits 
to be gained from risk taking as well as 
traditional sensation seeking 
- Uses generally applicable questions 
  
     
16. Risk Propensity Questionnaire (RPQ)     
- 4 questionnaires 
- 1) Risk Orientation 
- 2) Risk Scenarios 
- Covers a wide range of domains of risk 
- 3) Risk Propensity 
- Four domains 
- 4) Risk Motivations
    
     
288 
 
Instrument  Strengths  Weaknesses 
     
18. Risk Taking Index     
- 6 items considering 6 different items both now and in the respondents’ ‘adult 
past’ 
 - Short instrument 
- Domain specific questions 
  
19. Sensation seeking scale (SSS)     
- SSS Form V 
- 40 questions, including 4 sub-scales 
- Thrill and Adventure Seeking (includes mention of outdoor sports) 
- Experience seeking 
- Disinhibition 
- Boredom Susceptibility 
- General scale 
- Uses opposing statements of which people are forced to choose the one that 
is the most appropriate 
- SSS Form VI (63 items) 
- Just uses parts of the thrill and experience Form V parts 
- Assesses both actual experience and intentions for the future 
 - Provides questions specifically about 
outdoor sporting activities 
 - Shortest form is 40 questions, long 
completion time 
     
20. Short Sensation Seeking Scale     
- A shorter version of the SSS using 10 opposing statements  - Short instrument  - Includes a question regarding 
motorcycling  
- Includes 2 items relating to sexual 
behaviour which may offend 
     
21. Sensation Seeking - 2 Item Measure (SS2)     
- Uses two items, How often do you: 1) Do dangerous things for fun? and 2) Do 
exciting things even if they are dangerous? 
 - Very short instrument   
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Instrument  Strengths  Weaknesses 
     
22. Brief Sensation Seeking Scale     
- 8 item scale using 2 questions each from 4 content domains, namely: 
- Experience seeking 
- Boredom susceptibility 
- Thrill and adventure seeking 
- Disinhibition 
- Questions are answered on a 5 point scale from ‘Strongly Disagree’ to 
‘Strongly Agree’ 
 - Short instrument 
- Measures a number of different traits 
  
     
23. Stewart Personality Inventory     
- Risk taking subscale of the 80 item full inventory. Answer in response to the 
question ‘which of the following do you like?’ 
 - Simple answering scheme  - Psychometric properties of the risk 
taking subscale alone are not 
provided 
     
24. Stimulating-Instrumental Risk Inventory     
- Measures risk taking across two types, instrumental risk (considered, weighted, 
considering consequences) and stimulating risk (impulsive, hedonistic, affective 
driven behaviours) 
- 10 items for stimulating and 7 for instrumental risk taking 
 - Recognises different motives behind 
different kinds of risk taking 
  
     
25. Tension, Risk, Adventure Inventory     
- Ratings of 38 items relating to situations and actions, on a scale of how much 
each statement describes the respondent’s attitudes (Yes, Doubtful, No) 
 - Mentions both direct risk taking as well 
as adventurous behaviours 
 - 38 items, long completion time 
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Instrument  Strengths  Weaknesses 
     
26. Zuckerman-Kuhlman Personality Questionnaire (ZKPQ)     
- Aims to assess factors other than Sensation Seeking which may affect risk 
taking behaviour 
- Has a focus on personality, trait and temperament factors 
- 99 items across 5 scales 
- Impulsive sensation seeking 
- Neuroticism/anxiety 
- Aggression/hostility 
- Sociability 
- Activity 
 - Measures a number of different traits  - 99 items, long completion time 
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